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INTRODUCTION 

In response t o  recognition tha t  much of the technolegy developed to  
meet aerospace needs is  potentially applicable t o  broader public needs, the 
NASA Technology Util ization Office has sponsored the development of 
mechanisms fo r  f a c i l i t a t i n g  a systematic, continuing t r ans fe r  of technology. 

A major emphasis i n  the development of TU programs has been placed 
on establishing viable methodologies and mechanisms for  both ensuring 
successful t ransfer  and providing appropriate visibility for both technical 
substance and procedure. 

T h i s  report i s  intended t o  provide a qua l i ta t ive  o rview of the 
Application Team Program, one of the major operational programs sponsored 
by the TU Office. In this ac t iv i ty ,  NASA sponsored Team are  cooperating 
w i t h  over 100 organizations, professional groups, medicall research and 
c l in ica l  centers i n  j o i n t  problem-solving e f fo r t s  which f fac i l i t a te  application 
of aerospace developments and expertise fo r  broad public benefit.  
attempts t o  provide a description of the to ta l  context i im which these technology 
t ransfer  e f fo r t s  are  occurring. 

The report 

The f irst  par t  focuses on the context o f  some 'of our complex society 's  
The emphasis here is  t o  describe s igni f icant  prublems for  which needs. 

appl i c a t i  ons of  new or improved technol ogy are be ing  soutqht . 
The second par t  of the report reviews a number of m e a s  of technology 

i n  which NASA has made s igni f icant  contributions. 
along w i t h  many others provide the immense base of knowlkdge which has proven 
t o  be of value i n  the non-aerospace context. 
regularly tap these technologies i n  the search for  solut ions t o  non-aerospace 
problems. 

These! +areas of technology 

The NASA Applications Teams 

The third par t  of the report  describes the Applicatiions Team Program. 
Specific achievements of the Applications Teams d u r i n g  -t;"rt?le 6-month 
period covered by this report are described i n  the fourtih and f i f t h  parts.  
The resu l t s  of some s ignif icant  technology t ransfers  a r e  n o t  included, since 
the technology recipients wish t o  make i n i t i a l  publication of t h e i r  research 
resu l t s .  
ma i n t a  i n p r i  vi 1 eged re1 a t i  onshi ps 

These t ransfers  will be described i n  l a t e r  peparts i n  order t o  
devel oped between the: Appl i ca t i  ons Teams 
researchers. and the biomedical o r  public sector 

The s ix th  par t  of the report d 
designed t o  a s s i s t  NASA and the App 
t ransfer  e f fo r t s  e 

The seventy par t  of the report 
Team Program methodology which w i  11 

scusses several program support a c t i v i t i e  
i c a t i  ons Teams i n  their technol ogy 

discusses those face ts  of the Applications 
receive continued emphasis i n  the future. 
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The appendices discuss steps taken t o  fur ther  improve the wide variety 
o f  experimental methodology used by the Applications Teams. 

Requests for further information on items or 
concepts contained in this report should be 
directed to :  

Director 
Technology Util ization Office 
Office of Industry Affairs and Technology Util ization 
Code KT 
National Aeronautics and Space Administration 
Washington, D. C. 20546 
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TECHNOLOGICAL REQUIREMENTS IN THE NOrl-AEROSPACE (PUBLIC) SECTOR 

BIOMEDICAL SECTOR NEEDS 

Dur ing  the past decade, the costs of qual i ty  medical care  have risen 
steadi ly  and steeply,  and the cost o f  hospital care i s  n 
ra te  twice tha t  of  other cost-of-living categories. 
the rising expectation of the general public for improve 
and a larger e lder ly  population place severe s t r a ins  on 
heal th care del i very sys tem. An i ncreasi ng  proporti on o 
medical care i s  i n  a few medical centers,  and emergency 
have deteriorated severely or are nonexistent i n  many ur 
These problems will not be solved merely by supplying mom doctors and 
nurses. There i s  need fo r  a comprehensive review of the s i tua t ion  and 
the introduction of new skills and new technologies; these would probably 
b r i n g  about a restructuring of the entire system fo r  health care delivery 
i n  the United States .  
intensif icat ion of the often feeble e f fo r t s  t o  apply tech 
capabi 1 i ty t o  the sol u t i  on of heal t h  service probl ems. 

r i s ing  a t  a 
The rowing population , 

Throughout the country there is  obwious need for  

The l i f e  expectancy i n  the United States  is s t i l l  below the age 
of 70, essent ia l ly  unchanged since 1949. 
is now i n  22nd place among the countries of the world and ithe l i f e  
expectancy of females is i n  10th place. Th i s  re la t ive ly  R(ow U.S. position 
i s  due, in par t ,  t o  the h i g h  mortality r a t e  of men i n  theilr ~ O ' S ,  i n  p a r t ,  
t o  the high infant  mortality rate, and in  p a r t  i t  is a r e s u l t  of the wide 
variation i n  the qual i ty  of medical care available t o  diffferent portions 
o f  the population. 

The l i f e  expectancy of males 

The national infant mor ta l i ty*ra te ,  about 24 deaths during the f i rs t  
year per 1000 children born al ive,  is almost twice t h a t  off Sweden and 
the other Scandinavian countries. T h i s  r a t e  f a l l s  f a r  below tha t  of the 
majority o f  developed nations. These discouraging figures f i n d  t h e i r  
basis,  i n  par t ,  from a lack of  participation i n  the health care system 
of major segments of the population. 
approximately 40 percent of the women who gave bir th  ha 
doctor d u r i n g  pregnancy. By contrast ,  i n  Scandi navi an 
assistance is regularly available t o  expectant mothers 
system is  common; ye t  there is a severe shortage of docllmrs i n  Scandinavia 
whose ci t izens v i s i t  a physician only on the average o f  t h ree  times a 
year whereas i n  the U,S. the average is f ive  visits per year.  T h u s ,  i t  
m i g h t  be inferred tha t  a small percentage of Americans is over- u t i l i z i n g  
the limited supply of  physicians and health f a c i l i t i e s .  
is often considered t o  be socio-economic i n  nature, i t  may be pa r t i a l ly  
a l leviated by techno1 ogies which permit be t te r  usage of culrrent medical 
and c l in ica l  resources. 

In New York City, during 1966, 

While this program 
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Expansion of General Health Care Capability. An obvious necessity 
exists for  the expansion of health care de1iver.y systems t o  take care 
of a large segment of  the population i n  rural and l o w  population density 
areas, as well as those i n  central c i t i e s .  A key issue is tha t  many 
remote areas lack an economy suf f ic ien t  t o  support an active medical 
profession, hospitals,  nurses 9 ambulances , and other essential  components 
for  adequate health service systems. 

As an example, the seven southwestern counties of New Ilexico which 
cover 32,000 square miles form an area larger  than the combined five New 
England s t a t e s .  
i s  over 130,000, i f  the population of the f ive  la rges t  towns is  excluded, 
the population density would be less  than one person per square mile. 
are  68 medical doctors i n  this area b u t  33 a re  located i n  the largest  town, 
and transportation is d i  f f i  cul t. 

While the estimated population of the New flexico area 

There 

A system is be ing  developed t o  meet these problems, which will b r i n g  
both routine and emergency medical care t o  people beyond the reach of the 
1 imi ted supply of physicians . 
connect medical instrumentation t o  the patient.  As visual information can 
be v i ta l  t o  a proper diagnosis, a television camera would enable a remote 
physician t o  observe the patient as well as t o  review the pa t ien t ' s  
physiological indicators,  while the physician, a t  the same time, guides 
the tes t ing  of the pat ient  and consults computer stored medical h i s tor ies .  
I f  necessary, the physician would recommend action t o  be followed such 
as administration of a drug  or simple s u t u r i n g  by the trained paramedical 
personnel. 
t o  a central ly  located hospital ,  d u r i n g  t r a n s i t ,  biomedical telemetry 
systems could transmit his v i ta l  parameters t o  the hospital so t h a t  
precious time would not be l o s t  i n  i n i t i a l  diagnosis. 

Paramedical personnel and nurses could 

I f  there i s  need f o r  the pat ient  t o  be transported by helicopter 

Another major approach t o  provi d i  ng improved medi cal servi ces t o  the 
urban community i s  the automated multiphasic health testing (AMHT) center. 
These centers u t i l i z e  paramedical personnel i n  conjunction w i t h  medical 
instrumentation to  assess an i n d i v i d u a l  ' s  physiological condition. The 
primary purpose of  multiphasic screening i s  t o  provide an early warning 
system, t o  a l e r t  people t o  disease conditions of which they may be unaware. 
Medical electronic instrumentation and automated systems fo r  blood analysis 
would allow a trained technician t o  perform many complicated t e s t s  economically, 
accurately, re l iably,  and rapidly. 
processing faci 1 i ty  , these instruments permi t re1 a t i  vely smal 1 , 1 oca1 i zed , 
economical ly operated faci 1 i t ies t o  provide preliminary pat ient  scrceni ng 
in bo th  urban and remote rural areas. 
the pa t ien t ' s  computer memory record, along w i t h  informati on on his niedi cal 
history and on his physical condition a t  the time of diagnosis. 
then compares the t e s t  resu l t s  w i t h  the normal ranges fo r  age and sex to  

When coordinated w i t h  a remote information 

Records a re  entered automatically into 

The computer 
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determine i f  an abnormality ex i s t s .  
the pat ient  can be referred t o  a physician for  more thorough diagnosis and 
treatment. 
physical examination can be performed a t  a moderate cost. 

I f  an abnormal condition i s  ident i f ied,  

By reducing the average time and cost  per t e s t ,  a comprehensive 

Patient Monitoring. Intensive monitoring o f  patients i n  c r i t i c a l  o r  
near-terminal conditions is gaining rapid and wide-scale acceptance i n  
hospitals.  Continuous monitoring of the physiological variables of post-  
operative or  c r i t i c a l l y  i l l  patients (a lso premature infants) allows 
opportunity for be t te r  care and a substant ia l .  reducti on i n  mortality ra tes .  
Such monitoring systems can record changes i n  many physiological variables , 
can note and analyze t h e i r  progression, and a l e r t  the medical personnel 
i n  case.any o f  the monitored parameters f a l l  outside a predetermined range 
of Val ues. The systems can also control 1 i fe-support devices. Technological 
requirements are apparent fo r  improved, non-invasive sensors and transducers, 
an improved data transmission capabi 1 i ty  , and more highly analyti cal data 
processing systems, fo r  fur ther  development o f  this v i t a l  function. 

Cardiovascular diseases cause 54 percent of a l l  deaths i n  the United 
States according t o  current s t a t i s t i c s .  More than 150,000 persons apply 
annually t o  the Social Security Administration for  d i sab i l i ty  pensions 
because of cardiovascular disorders. A major portion of  medical research 
is  focused on developing, understanding, and t rea t ing  cardiovascular diseases. 
New or improved technology is urgently needed t o  support cardiac research 
and related therapy. 
the l ives  of 13,000 patients per year suffering from heart block or  chronic 
heart rhythm disturbances. 
ins ta l la t ion  requires a major surgical procedure, a new alloy may allow the 
electrode t o  be implanted i n  the heart  muscle through a hypodermic needle inserted 
through the walls of the chest and heart. 
stimulation, developed by NIH, t h a t  obviates or provides rapid r e l i e f  from 
agina attacks will be enhanced by a NASA-devel oped biological ly compatible 
f lex ib le  electrode. 
du r ing  a pa t ien t ' s  normal dai ly  ac t iv i ty  will enable physicians t o  more 
accurately determine a patient's suscept ib i l i ty  t o  a heart a t tack,  and 
i n i t i a t e  protective measures promptly. 

Ar t i f ic ia l  pacemakers are makinq i t  possible t o  sustain 

While the current technique for pacemaker electrode 

A technique of carotid nerve 

Techniques for automating the analysis of EKGs recorded 

A l t h o u g h  angiography has been i n  use for  several years, reading and 
interpret ing the films produced has been a very time-consuming procedure. 
Impedance cardiography shows promise as a diagnostic instrument f o r  
assessing cardiac output atraumatically. 
t o  use than other currently available techniques, i t  could, i n  time, replace 
them. 
ci  neangi ography t o  determi ne the e f f i  ciency of a pat ient  's heart  ac t i  on. 
u t i l i za t ion  of this technique will probably be expanded. 

Since i t  is far  sa fer  and simpler 

Computerized pattern-recogni ti on techniques a re  being appl i ed t o  
The 
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Pulmonary disease is  the basis of claims o f  about 50,000 people per 
year who apply t o  the Soci a1 Security Admi n i  s t r a t i  on f o r  disabi  1 i t y  . .  - 
pensions. Onset of the disease often occurs when claimawts are  in- the i r  
30's and the average to ta l  pension paid throughout the liiffetime of one 
so  diabled approximates $70,000. 
great deal of progressive l u n g  function impairment could 5e  retarded or  
even prevented by timely and consistent treatment. i f i c a n t  par t  
of the problem is i n  determing the existence and the ex ten t  of pulmonary 
impairment. Similarly, i t  i s  necessary t o  judge the therapeutic value 
provided by various techniques. The most widely used metthods for  examining 
respiratory function are bulky and cumbersome and prevenz ehe pat ient  
from moving about or exercising i n  a norma-l manner. 
which a1 low the pat ient  t o  move about o r  exerci s e  essentij a1 ly  unencumbered , 
are  beginning t o  be widely used c l in i ca l ly  and fur ther  wjdespread use 
could s ignif icant ly  a f fec t  the l ives  of numerous p a t i e n t s ,  

Evidence currently suggests t ha t  a 

A s i  

Several new techniques, 

Impedance pneumography i s  a technique which, when u s e d  w i t h  a small 
transmitter,  will allow a physician t o  measure the volum of a i r  inhaled 
and exhaled, the inspiration and expiration pat terns ,  and the respiration 
r a t e  while the patient is engaged i n  any type of a c t i v i t y  or  exercise. 
The instrumentation package could be worn by the patient on a b e l t  or carried 
i n  a shirt pocket. 
a physician t o  determine the efficiency w i t h  which respiratory gases are absorbed 
and released by the lungs. 
a valuable contribution to  the study of the pa t i en t ' s  pulirmonary condition. 
Uti 1 i zed in a comprehensive , systemized care program, sudh devices wi 11 enable 
therapis ts  t o  determine w i t h  greater accuracy the eff icacy of the various 
types of available treatment. 

Miniature high-speed mass spectrometer systems, may enable 

Precision, low resistance flawmeters could also make 

Respiratory disorders a lso contribute s ignif icant ly  t o  the h i g h  infant  
However, respiratory function monitoring devices devel oped mortality r a t e .  

fo r  use on adults would not always be adaptable t o  i n f a a s .  Several systems 
have recently been developed spec i f ica l ly  for  in fan t  ms-itoring, which could 
reduce the mortal i ty  ra te  associated w i t h  respiratory m l f u n c t i  on. 
t o  infant  respiratory function there is  need occasionally t o  place an i n f a n t  
i n  an atmosphere w i t h  a h i g h  oxygen concentration. 
necessary f o r  only a few days, i f  the oxygen content of  t he  respired a i r  
i s  too great for  too long a time, such a s i tua t ion  can result i n  permanent 
b l  i ndness . 
can measure the amount of oxygen i n  the a i r  being delivered t o  the infant .  
Originally designed t o  monitor the atmosphere of a space capsule, the device 
i s  now commercially available.  I t s  ab i l i  ty  t o  immediately warn n u r s i n g  
personnel of  excessive oxygen concentration should si  gni f i  cantly reduce 
the number of chi 1 dren blinded by a prevalent' s i  tua t i  on. 

The amount of time tha t  the pat ient  i s  on the operating t ab le  as well as 

I n  regard 

While this may be 

A small oxygen concentration monitor has been: developed which 

Surgery. New and more complicated surgical techniques are evolving. 
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the time he i s  under anesthesia a re  increasing. 
importance are  more rapid, accurate, continuous techniques t o  assess 
the depth of anesthesia and the physiological condition of the 
patient.  
which necessitates a search for  new methods and instruments as aids.  

Hence, of great 

Anesthesiologist 's responsibi l i t ies  are  becoming greater ,  

Most patients undergoing major surgery require mechanically 
assisted respirat ion and the anesthesiologist  is charged w i t h  the 
duty of administering respiration as well as providing a steady flow 
of anesthetic gases. Continuous accurate information on the chemical 
composition as well as the flow ra t e  and volume of respired gases could 
greatly enhance the anesthesiologist 's  a b i l i t y  t o  monitor and control 
the pa t ien ts '  condition. T h i s  would s igni f icant ly  enhance the pat ients '  
chances of  survi Val. 
spectrometer ori g i  nal ly devel oped for  the space program may provide such 
needed information t o  the anesthesiologist .  

An accurate flowmeter and fast-readi ng  mass 

Clean room technology developed fo r  the s t e r i l e  construction of 
spacecraft hardware and adapted t o  the operating room helps t o  improve and 
maintain s t e r i l e  conditions, thus reducing risk of dangerous infections. 
Methods developed fo r  the space program can be adapted t o  hospitals 
permitting continuous moni tor ing  of  the quantity of bacter ia  and par t i  cu- 
l a t e s  i n  areas aiming for  s t e r i l i t y ,  such as operating rooms, providng 
fur ther  protection from infection. 

Rehabi 1 i t a t i  on of Handicapped. The Department o f  Health, Education, 
and Welfare estimates t h a t  12 mil%on Americans have d i s a b i l i t i e s  which 
limit them i n  the k i n d  of  work they can do. These handicapped persons 
i ncl ude 250,000 i n  wheelchairs, and 2 m i  11 i on orthopedi cal ly impai red 
chi ldren. 
weight motors and power supplies,  as well as innovative devices t o  permit 
chair  control,  are being designed. 
confidence of the handicapped, e f f i c i en t  chairs enable par t ic ipat ion i n  
a wider range of ac t iv i t i e s .  

The same small motors, controls,  and power supplies a re  being used 
t o  power self-contained orthopedic l imbs for  amputees. 
are active prosthetics which the wearer can use t o  contrsl  motion and action, 
they s houl d contri bute t o  functional rehabi 1 i t a t i  on f a r  m r e  than the passive 
cosmetic protheses used for  many years. A wide range o f  pressure measuring 
devices are  applicable t o  measuring the forces exerted on and by prosthetic 
limbs. Other movement-sensing devices will  assist physical therapis ts  i n  
objectively eval uati ng the progress made by pat ients  undergoing rehabi 1 i t a t i  on. 

Economical , sel f-propel1 i n g  wheelchairs powered by 1 i g h t -  

By increasing mobility and s e l f -  

Since these devices 

The evaluation and t ra ining of muscular control and a b i l i t y  i s  often 
carried out u s i n g  electromyographic (EMG) equipment, which measures the 
e l e c t r i c  energy generated by muscle t i s sue  when i t  is  exercised or  moved. 
Improved sensors and signal processors will  further upgrade the capabili ty 
of this equipment. Widespread use of biologically compatible p las t ics  
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and metals t o  replace damaged internal organs has begun, These a re  valuable 
not only i n  devices such as a r t i f i c i a l  heart  valves and a r t e r i a l  o r  venous 
shunts b u t  a l so  as replacements f o r  severely damaged bones and jo in t s .  

Medical Systems Manaqement, --- Computerized information techniques can 
improve and stream1 ine hospital record-keepinq by maintainins accurate, - -  
up-to-date f i l e s  of pat ients '  medical h i s tor ies .  
review of many physiological parameters, a physician may detect the progressive 
development o f  a disease a t  an ear ly  stage,  ra ther  than not  detecting i t  
until  a f t e r  i t  has reached a c r i t i c a l ,  potent ia l ly  f a t a l  stage. Computer 
systems can maintain records and resul ts  of c l in ica l  laboratory and 
radiation t e s t s ,  schedule the tes t ing  o f  a pat ient  t o  maximize u t i l i za t ion  
of hospi-tal f a c i l i t i e s ,  provide central supply and inventory control,  and 
attend t o  many time-consuming, laborious, administrative tasks. T h i s  will  
s ignif icant ly  increase the efficiency of hospital personnel and operations, 
and time will be ut i l ized more effect ively.  

By providing a systematic 

Systematized management informati on center concepts, based on aerospace 
techni ques devel oped to  permi t peri odi c , detai 1 ed reviews of project  progress, 
will soon be applied as an aid to  hospital management personnel i n  the 
control of hospital expansion projects. Such information centers have already 
been used i n  other areas t o  a s s i s t  c i ty  management teams i n  building new 
a i rpo r t s ,  and i n  implementing other public works expansion programs. 

Summary. The medi cal and engi neeri ng communi t ies have been responsive , 
Early detection of  disease and i n  p a r t ,  t o  these and other changing needs. 

preventi ve medi cine,  expanded heal t l i  care faci 1 i t i  es keyed t o  regi onal 
requirements 
geared t o  meet the needs o f  the expanding population. 
t o  delegate routine procedures to  para-professional personnel, t h u s  freeing 
the physician t o  concentrate on tasks t h a t  require his extensive and expensive 
background, education, t r a i n i n g ,  and experience. A severe and possibly 
increasing shortage o f  trained medical personnel continues, necessitating 
devel opment and expf oi t a t i  on o f  new techno1 ogy t o  a s s i s t  l i  m i  ted numbers o f  
medical personnel i n  providing improved medical care t o  larger  numbers of 
people. 

and prepaid h e a l t h  care programs are developing medi cal practi ces 
Physicians are  beginning 

The application of new technologies t o  urgent problems i n  the 
biomedical f i e l d  i s  often d i f f i c u l t  t o  achieve.. Technological innovations 
must survive a maze o f  obstacles i n  the governmental , i n d u s t r i a l ,  academic 
and medical complex i n  order to  have some impact on the delivery of health 
care services.  This s t a t e  of a f f a i r s  i s  complicated by a general lack of 
knowledge of the mechanisms by which  biomedical research mves through 
devel opment i n t o  more effect ive instrument devi ces and systems fo r  
health care. The  task of t ransfer  i n  such an environment i s  d i f f i c u l t ,  
b u t  the systematic e f f o r t  t o  find, evaluate and apply new technology 
must continue in order t o  free the doctor for  more humanized, e f fec t ive ,  and 
hopefully, l ess  costly care of  the patient.  
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PUBLIC SECTOR NEEDS _I_ 

In our growing economy, soci a1 and environmental condi t ions t h a t  
were adequate i n  past years no longer meet today's standards or requirements. 
For example, i n  1964 about 15 percent of the population was considered t o  
be l iving a t  or below the poverty level .  T h i s  estimate has risen t o  well 
over 20 percent, however, i t  should be noted tha t  i n  the intervening years,  
the standards of measurement has a lso risen, 
urban services charac te r i s t ic  of  former years are  no longer considered 
sat isfactory.  The populace i t s e l f ,  spurred on by the rising economy and an 
awareness of advances i n  science and technology, continually upgrades i t s  
m i n i m u m  requirements. C o n t i n u i n g  and new unmet human and comuni ty  needs 
r e su l t  from changing social  patterns and rising expectations of the 
popul a t i  ons 

The  Report o f  the National Commission on Technology, Automation, and 
Economic Progress defines these unmet needs i n  two categories. The first 
i s  private,  the needs of those l i v i n g  i n  poverty; the second is the public 
requirements of the to ta l  populace. 
are  related to  the readily acknowledged problems o f  h o u s i n g ,  mdical  care ,  
a i r  and water pollution, mine safety,  crime, and transportation, t o  name 
some of the most urgent. 

Standards o f  housing and the 

The public needs (the second category) 

Water Pol 1 ution results primari ly  from the great urban and i ndustri  a1 
expansion of recent .years. While water pollution has existed t o  some degree 
fob many years,  econbmi c expansion and increased soci a1 consciousness brought 
about notice of i t s  e f f ec t s ,  prompting greater remedial action i n  the l a s t  
decade. 
agricultural  , af fec t  the water qual i ty  t h r o u g h  biologica , chemical , and 
physical processes. 
and h i g h  waste loads dumped in to  water resources require large amounts of oxygen 
for  decomposition. Such h i g h  waste loads deplete oxygen, w i t h  attendant 
reduction or total  loss of essent ia l  f ish l i f e .  The Council on Environmental 
Quality has s ta ted tha t  over 300,000 industr ia l  plants . . discharge three 
t o  fou r  times as much oxygen-demanding wastes as a l l  the sewered population 
of the United States." And fur ther ,  "The output of  industr ia l  wastes i s  
growing several times f a s t e r  than the volume of sani tary sewage." The increase 
i n  sediments and nutrients can lead t o  rapid eutrophication of  our water 
resources. 

The major sources of water pol 1 u t i  on, i ndus tri a1 , muni ci pal , and 

The quality of water i s  determined by the oxygen content, 

Thermal pollution of water, a major ecological problem, i s  caused primarily 
by the e l e c t r i c i t y  generating plant. 
average increase i n  temperature of the cooling water i s  7 3 F O . .  Industrial  
Research s t a t e s ,  "The thermal discharge from a 1,000 megawatt power plant 
will a f fec t  8 to  10 miles of an average-sized stream or about 5.5 square miles 
of a lake or bay." The discharged heated water speeds UD the biological and 
chemical processes and changes the l i f e  cycles of fish. 
o f  the area resu l t s  eventually. 
by an estimate tha t  our requirements for  e l e c t r i c  energy a re  doubling every 
10 years. 

Water is  used t o  cm1 the condensers; the 

A change i n  the ecology 
The impact o f  thermal discharge is  indicated 
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Muni ci pal water pol 1 u t i  on problems comprise the i nteracti  on of various 
adverse factors .  To l i s t  a few: less than a t h i r d  of the nation i s  served 
by an adequate sewer system coupled w i t h  a waste treatment f a c i l i t y ;  about a 
t h i r d  i s  served by inadequate f a c i l i t i e s ;  the f inal  t h i r d  has no sys- 
tem a t  a l l .  
pollution believed t o  r e su l t  from phosphates. 
solving the municipal waste problem has been estimated a t  $10 b i l l ion  over 
the next 5 years. 

Municipal wastes are  responsible fo r  much of the nutr ient  
The cost  t o  the p u b l i c  of  

Water pollution can be reduced by massive capi ta l  investment and by 
i ntroduci ng i nnovati ve techno1 ogy t o  sol ve various problems. Techno1 ogies 
tha t  could play important roles i n  p r o v i d i n g  solutions are: dewatering o f  
sludge; developing improved water quali ty monitoring systems; removing 
phosphates from waste; methods fo r  eliminating thermal pollution; improved 
flowmeter systems; a1 gae growth control ; f i  1 t r a t i  on processes ; improved oi 1 
dispersion or  removal methods; treatment of acid mine discharges; a i r c r a f t  
or s a t e l l i  te remote pol lution/crop damage detection systems; osmosis f i  1 t r a t i  on 
systems; and water and sludge recycling systems. 

Air pollution , another long-time problem, has only recently been 
recognized as such. 
generally i s  more so.  Public attention is  drawn t o  the visible forms of 
a i r  pollution: 
j e t  a i r c r a f t ,  and smog resulting from a combination o f  pollutants and 
meteorological conditions. B u t  the total  spectrum of a i r  pollution is  a 
complex of pollutants from many sources tha t  are  i r r i t a t i n g  and unpleasant, 
a l l  damaging t o  some degree. 

magni tude  t ha t  i s  d i  f f i  c u l t  t o  assess. 
Forest, two-thirds of the conifers total ing over a million t r ees ,  have been 
damaged by a i r  pollution. 
vegetation has been estimated from $8 to  $132 million annually. The c i t ru s  
crop has been reduced 50% by a i r  pollution, primarily a r e su l t  of ozone and 
photochemical oxidants from automobile exhaust. An estimated 50% of  Cal i fornia 's  
a i r  pollution i s  a t t r ibu tab le  t o  t h i s  source. 

While water pollution frequently is  vis ible ,  a i r  pollution 

dark outpourings o f  industr ia l  smokestacks, t r a i  7s l e f t  by 

Photochemical and industr ia l  smog cause damage to  vegetation of a 

In California alone, the economic damage t o  

In Cal i forni a ' s  San Bernardi no Nati onal 

Power and heat needs, primarily generated by b u r n i n g  coal,  o i l ,  or gas , 
are  sources tha t  are  expected t o  increase ai r pol 1 u t i  on. Resul t i  ng pol 1 utants 
are  sul fur d i  oxide , sol i d p a r t i  cul a tes  i ncl udi ng lead, nitrogen oxides, carbon 
monoxide, and hydrocarbons and the i r  oxidation products. I t  i s  expected t h a t  
the sulfur  dioxide product will double between 1971 and 1990. 

The hazards associ ated w i t h  a i r  pol 1 u t i  on cannot be overemphasized 
because of e f fec ts  on health. 
s ignif icant  correlation of the disease w i t h  chronic exposure l o  su l fur  
dioxide and nitrogen dioxide. 
f i  vefol d reduction o f  Chicago ' s  average annual sulfur dioxide concentration 
( w i t h  a1 1 other variables remaining constant) would reduce the ci ty ' s  cancer 

A recent study of several types of cancer shows 

Based on this study, i t  is  estimated tha t  a 
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deaths by about 800 per year. 
unfortunate a i r  pol 1 u t i  on catastrophes. 
i n .  1953 led t o  more than 4,000 "excess deaths." Another i n  Donora, Pennsyl- 
vania, i n  1948 caused i l l nes s  i n  more than 5,000 people and 17 "excess deaths." 

Health hazards are  exemplified by several 
One such occurrence i n  London 

Air pollution control and abatement are  being advanced through the 
application of new technology. 
techno1 ogi es i ncl ude development of:  a new cl ass of advanced pol lutant  sensors ; 
a i r c r a f t  and sate1 1 i te remote sensory systems; control techniques f o r  various 
pol 1 utants ; a i r  pol 1 u t i  on models ; odor detection and control systems ; and 
more e f f i c i en t  combustion processes. Also needed are  new technologies for: 
analysis of e f fec ts  of pollutants on human physical performance; reduction 
of motor vehicle exhaust; improvements i n  Rankine cycle engines and gas 
turbines; and improved par t icual te  measurements. 

Problem areas requiring introduction of  new 

Crime i s  a subject as topical as pollution as reflected by manifestly i n -  
creased concern w i t h  law enforcement and the judicial  processes. 
violence tha t  a f fec t  individuals personally account f o r  much of the concern.Most 
aggravated assaults (about 67 percent of the t o t a l )  a re  made by persons known 
t o  the victim. 
crime, b u t  t o  the individual, i t  is a highly personal aspect. 

Crimes of 

Aggravated assaul t  s t a t i s t i c s  represent only one aspect of 

A measure o f  the risk of sudden attack and injury made by persons unknown 
Nearly half of a l l  reported t o  the victim can be found i n  robbery s t a t i s t i c s .  

robberies take place on s t r ee t s  and about h a l f  of these are armed robberies. 
In one survey i n  the Dis t r ic t  o f  Columbia, i t  was found that  some injury 
occurred i n  about 25 percent of such robberies. B u t  the incidence of injury 
was found t o  be higher in unarmed robberies. 

These s t a t i s t i  cs and others t ha t  could be developed i n d i  cate ,  accordi ng 
t o  the Commission on Law Enforcement and Administration of Jus t ice ,  t ha t  
' I .  . . on the average, the likelihood of a serious personal attack on any 
American i n  a given year i s  about 1 i n  550; . . . ' I  and fur ther  t h a t  the 
r i sk  of attack by a stranger on the s t r e e t  is about half  t ha t  of an attack 
by someone known to  the victim. 

Other forms of crime include employee t h e f t  and embezzlement, d r u g  
use, fraud, homicide, rape, and auto the f t .  
of crime i s  staggering and d i f f i c u l t  t o  assess. 
i n  1965 i t  was estimated tha t  there were 9,850 homicides, t ha t  half the 
49,000 deaths i n  automobile accidents were a t t r ibu tab le  t o  negligent man- 
slaughter o r  d runk  d r i v i n g ,  and t ha t  290 women d i e d  from i l l ega l  abortion 
complications. 
bi l l ion calculated according to  the time of  death. 
loss t o  society is  almost impossible to  quantify. 

The economic and social  impact 
The Commission reported tha t  

The total  economic loss i n  earning power was more than $1.5 
The immense, overall 

Taking i n t o  account the above background, i t  i s  apparent t ha t  numerous 
areas i n  law enforcement, cr iminal is t ics ,  and the administration of jus t ice  
would benefit  from the application of technology, In f a c t ,  spec i f ic  



,, recommendations made by the Cornmission r e f l e c t  the need for technology i n  
such areas as computerized comnand and control f a c i l i t i e s ;  semiautomatic 
f ingerprint  systems; small , inexpensive portable radios -br  foot patrols ;  
and an automatic car locator system. In other areas,  there  are  needs fo r  
devices i n  cr iminal is t ic  laboratories t o  assist i n  develqping evidence; a 
means t o  locate objects underwater; be t t e r  metal detectors ; and improved 
accident investigation methods. 

Transportation. d i f f i c u l t i e s  result essent ia l ly  from mobility of the 
population, a1 though there are  other contributing factors;. Disruptions 
of the population and the relocation of  industry cause disruptions i n  
the overall transportati  on system, p a r t i  cul ar ly  i n urban areas. 
transportation problems occur. 
business and people. 
unable t o  do SI). 
i n  automobiles w i t h  a paral le l  increase i n  a i r  pollutiora, t r a f f i c  snar l s ,  
and accidents. 
of automobiles i n  use has increased about 270 percent. 
i s  being spent on urban highways. 
almost 50 percent, b u t  service has apparently deteriora 
spi raled. 
from an infusion of technology. 

Pub1 i c mass 
Freeway construction regai res re1 ocati on of 

Many of those forced t o  relocate w e  those f inancial ly  
Lack of adequate public transportation leads t o  an increase 

T h i s  i s  emphasized when considering t h a t  s ince 1945, the number 
Some $3 b i l l i o n  a year 

The number of buses im use has  increased 
d and costs have 

I t  appears obvious t h a t  the transportati  on sec to r  coul d benefi t 

Of the problem areas i n  transportation t h a t  ne'ed technological assistance,  
a par t ia l  l i s t i n g  is:  

Systems planning of urban transportation needs 
Investigation of human factors  in automobS3.e operation 
Development of improved tunneling techniqws 
Development o f  improved a i r c r a f t  noise suppression equipmnt 
Improved passenger and baggage processing and handling systems 
Investigation of crashworthiness of a l l  types of vehicles 
Development of be t te r  illumination fo r  gsoand systems 
Development of improved t r a f f i c  network s ignal  t i m i n g  systems 
Improvements in passenger r e s t r a in t s  systems 
Instrumentation systems f o r  detecting r a i l  s t resses  
Systems for detecting r o l l e r  bearing f a i l u r e  on r a i l  cars 
Detection of i l l i c i t  materials 
Detection of c lear  a i r  turbulence 
Improved avionics . 

. Housing Construction and Rehabilitation i s  another important area of 
human needs. I t  has been estimated tha t  the more than 1,200.000 new hous 

unme t 
ng un ts 

b u i l t  each year m r e l y  keep pace w i t h  the demand caused 6y population growth, the 
demo1 i t i  on o f  old s t ruc tures ,  and popul a t i  on mobi 1 i ty  . 
does not take care of the demand generated by replacement of substandard housing, 
w i t h  the r e su l t  tha t  those l iving i n  the substandard housing continus t o  do  so. 
Efforts t o  a l l ev ia t e  the shortage of low-and medium price housing require a 
complex interaction of a number of agencies and individuals.  

New cons t ruc t i  on 

Included are  
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the housing industry, which often is u n w i l l i n g  t o  invest capital  i n  innovation 
t h a t  represents a risk; the unions, which a re  touchy about innovation which 
may change labor patterns or  practices;  the mortgage bankerss who are  not 
venturesome i n  prowiding risk capital  ; the construction industry suppliers,  
who bear a h i g h  amount of risk i n  developing new products; and the consumer, 
whose t a s t e  i n  hous ing  s ty les  is n o t  always consonant w i t h  more e f f i c i e n t  
and i nnovati ve construction techniques . 

The typical construction firm i s  small and unable t o  support a research 
and development program. 
unions t o  develop and a d o p t  new methods. Contractors continue t o  follow the 
basic methods of construction even though they now make use of power equipment 
in s i t e  preparation and l i f t i n g  o f  materials, as  well as using improved handtools. 
Speci a1 i nterest  groups outmoded zoning regul a t i  ons and bu i  1 di ng codes, and 
fragmented 1 oca1 governments f rus t r a t e  i ncenti ves fo r  i nnovati on. 

L i t t l e  pressure i s  p u t  on construction firms or the 

There are a number of technologically related areas i n  which innovative 
developments could contribute greatly toward overcoming the obstacles t o  meeting 
housing requi rements. These areas i ncl ude: 

A need for  new methods t o  connect u t i l i t i e s  i n  factory-built  

Better techniques fo r  rehabi 1 i t a t i  ng b u i  l d i n g s  
Fire-extinguishing and fire-and smoke-detecti ng systems 
Better exter ior  surface materials 
Better fireproofing materials 
More e f f i c i en t  e lec t r ica l  d i s t r i b u t i o n  systems 
Improved sewage di sposal systems 
Better insulation materials t o  decrease heating costs 
Improved, light-wei g h t  and f i r e - r e s i s t an t  s t ructural  materials 
Better nondestructive testing and joining techniques 
Coati ngs , heal-res i s t an t  materi a1 s , and chemi cal addi t i  ve f o r  

improyed strength i n  s t ructural  s tee l  
Improved spray foam appl i cat i  on techniques 
Research on f i re-retardant  foams. 

modular hous ing  

Mine Safety is  an area which i s  making use of technology and which requires 
improved technology b u t  the subject has not been widely discussed i n  the past. 
Mine safety has achieved national attention only i n  the recent p a s t  and the 
public’s concern fo r  i t s  importance f luctuates  with the announcement in news 
headlines of mine accidents. 
mine d isas te r  a t  Hannington, West Virginia, iri 1968 whose a”mpact directed the 
attention o f  Congress and the public t o  neglected safety problems. 
accidents involving multiple f a t a l i t i e s  tha t  blaze in new headlines capture the 
public’s a t tent ion,  most deaths occur i n  the daily routine and a t t r a c t  l i t t l e  
a t tent ion.  
and 15 percent of  the injur ies  sustained i n  the s o f t  coal industry resulted from 
roof collapses. Effective ventilation of mines i s  necessary for safety,  n o t  
only for  breathing b u t  a l so  t o  prevent accumulations of highly explosive and 

A conspicuous example is  the severity of the 

While mine 

In 1966, according t o  s t a t i s t i c s ,  58 percent a$ the f a t a l i t i e s  

-1 5- 



lethal methane gas. 
there are  other problem areas: development o f  d u s t  measuring instrumentation; 
unmanned vehicle techno1 ogy; m i  ne communi cat:  ons borehole inspection devi ces ; 
rescue and survival systems; breathing devices; rock s t r e s s  indicators and 
detectors;  explosion detectors;  explosion quenching systems; and methane monitors. 

In addition t o  the necessity f o r  proper vent i la t ion,  

The following chapters present an overview o f  NASA technology, a description 
o f  NASA's Applications Team Program for technology t ransfer ,  and a summary o f  
this program's achievements over the period from Nay through November of 1970. 
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OVERY I EW OF NASA TECHNOLOGY 

With an overview of some of the problems which face our society,  i t  
i s  i n  order t o  i l l u s t r a t e  currently available NASA technologies which may 
be applied in a positi,ve manner t o  a l lev ia te  some of these problems. The 
aerospace research and development a t  the core of this new technology i s  
not general ly oriented towards providing a d i  r ec t  short-term benefit  t o  
the man i n  the s t r e e t .  
and indirectly--from the impact t ha t  this technology has had on industries 
such as computers, e lectronics ,  biomedical instrumentation, materials, and 
h o u s i n g ,  t o  name only a few. 
have had or will have an impact on some solutions t o  society’s problems i s  
presented below. These examples are  representative of the vast scope and 
depth o f  technological knowledge, expertise and equipment which serves as 
the basic resource o f  the NASA Applications Team Program. The technology 
regularly used by the Program ranges from pieces o f  equipment or systems 
(hardware) t o  technical knowledge and experti s e  computer programs, techni ques , 
materials, and, often,  highly creative ideas,  
are NASA sc i en t i s t s  and engineers, contractor personnel, and NASA-supported 
uni vers i ty  researchers. 
the means by which they focus on these knowledge resources is described i n  the 
next chapter. 

He will ,  however, continually benefit--both d i rec t ly  

A sampling o f  aerospace technologies tha t  

The sources of this technology 

A descri p t i  on o f  the NASA Appl i cat i  ons Teams and 

Bioinstrumentation. The conditions of spaceflight imposed uniquely 
s t r ingent  requi rements on biological measurement systems, These requirements 
were met only t h r o u g h  extensive cooperati on between NASA medical and engin- 
eering personnel, and resulted i n  an en t i r e ly  new order of bioinstrumentation 
technology. The main types of technological contributions were i n  the pro- 
duction of specif ic  instruments and systems (usually for  space f l i g h t ) ,  
and i n  the formulation o f  systems requirements and specifications , and method 
for  systems development and application. The key areas of bioinstrumentation 
system development are  systems analysis,  sensing, signal conditioning, 
power sources, telemetry , data processing and medi cal moni to r i  n g  prototype 
f i e l d  t e s t  and evaluation in the f i e ld ,  and f ina l ly  fabrication. Aerospace 
requirements focus equipment developments on noninvasive systems which do 
n o t  frighten or traumatize the subject ye t  provide acceptable o r  improved 
physiological data. Such equipment is  a l so  highly desirable i n  the c l i n i c ,  
hospital and health screening environment. 

Systems analysis provides the methodology tha t  establishes information 
requirements and equipment specifications fo r  bioinstrumentation systems used 
on orbi ta l  and lunar human spaceflight. Because of i t s  scope, i t s  focus 
on c r i t i c a l  medical problems, and i t s  use o f  special ly  developed, advanced 
techno1 Ogyg this hi ghly organized, goal -oriented pl anni ng approach offers 
valuable guidelines t o  the planner and user of bioinstrumentation systems for  
hospitals,  remote physiological monitoring, c l in ica l  and physiological research, 
and similar nonspace s i tuat ions.  
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The bioinstrumentation sensors, electrodes and sensor attachments incl ude 
those elements t ha t  transform energy from one form to  another such as the 
temperature-sensing thermistor, the spray-on electrode and other devices which 
make energy available for measurement such as integral  electrode/buffer/ 
preamplification packages. 

In a bioinstrumentation system, the signal condi ti oner operates between 
the primary sensor and the data transmission element. Signal conditioning 
i s  important because i t  determines the form o f  the biomedical information 
supplied t o  the system user. 
the physici an ' s concept and i nterpretat i  on o f  the underlying phys io1 ogi  cal 
processes and thus his d i  agnost i  c capabi 1 i ty . Three major examples tha t  
i l l u s t r a t e  d i s t inc t  facets of signal conditioner design that  were developed by 
NASA and are  applicable to  non-aerospace programs a re  the Apollo electro-  
cardiographic and Gemi n i  blood pressure signal condi t i  oners , and implant 
biotelemetry--recognized as  a noninvasive means of obtaining continuous internal 
physiological data without encumbering the subject. 

The form of data supplied direct ly  influences 

Efforts t o  accumulate biomedical information regarding man's a b i l i t y  to  
function i n  space has resulted in extensive revision of monitoring equipment 
and monitoring philosophy; sophisticated hardware and mathematical techniques 
represent advances i n  biomedical data processing and analysis. New measurement 
techniques now available for c l in ica l  and research use include impedance 
pneumography for respiratory measurements, and the development of the in- f l igh t  
mass spectrometer which potentially b r i n g s  a valuable laboratory analytical 
technique i n t o  the c l in ica l  environment. 

Spacefl i g h t  bioinstrumentation fabri  cat i  on incorporates a number of 
manufacturing and quality assurance techniques tha t  are required t o  meet 
rigorous environmental s t resses  without sacr i f ic ing  s i ze ,  weight, power consump- 
t i o n  or performance. Fabrication techniques developed for the space program 
have contributed t o  an improved state-of-the-art  of c l inical  instrumentation 
i n  terms of s i ze ,  qual i ty ,  r e l i a b i l i t y  and safety.  

The many advances i n  bioinstrumentation technoloZly result ing from aerospace 
research have contributed t o  the productivity of  medical personnel ; a produc- 
t i v i t y  tha t  often, u p  t o  this time, was hampered by the lack of available 
medi cal ski 1 1 s . 
bioinstrumentation b r ings  will not only supplement these scarce medical ski l ls ,  
b u t  will a l so  increase the i r  productivity. 
savings and improved delivery of health care services t o  the ultimate consumer, 
the pati ent.  
i n  the Automated Nultiphasic Health Testing System which provides a r a p i d  
computer-generated summary o f  more than 40 medical measurements obtained d u r i n g  
a half hour examination fo r  some 25,000 patients annually a t  a cost  of about 
$25 per patient.  
appl i ed i n  the pri vate sector.  
instrumentation i s  vast and has only begun t o  be tapped for the benefit  of 
mankind. 

The potenti a1 fo r  automati on and improved i nformati on tha t  

Hopefully, i t  will r e su l t  i n  cost 

NASA bioi ns trumentati on techno1 ogy has a1 ready found  app l  i cat i  on 

T h i s  i s  only one example of bioinstrumentation technology as 
The tremendous potenti a1 of  current b i  omedi cal 



Teleoperators and Human Augmentation. Man must wor i n  outer space, ocean 
deDths and other hazardous envi ronments . the exDl ora t i  on of which reaui res 
e i iher-assis tance or  s u b s t i t u t i o n  o f  manis extremities and t h u s  his capabi l i t ies .  
Teleoperator technology provides an a b i l i t y  to  augment man's hands, arms, and 
legs w i t h  machines. A teleoperator i s  a general purposeo dexterous mechanical 
subs t i tu te  fo r  man's limbs. T h i s  man-machine cooperatio enables man t o  pick 
up and examine samples of the lunar surface while remain g on ear th ,  t o  repair  
an underwater o i l  pipeline from the  surface of the s h i p ,  manipulate radio- 
active nuclear fuel elements i n  a "hot" atomic c e l l ,  or l i f t  a ton-sized 
load --- the man amplifier concept. Three consideration elp determine when a 
teleoperator system tri l l  be used: man's absolute physica imi t a t i  ons i n  matters 
o f  strength,  s i ze ,  and bodily construction; the need fo man welfare or  safety;  
and economic considerations. 
expendable, thus special purpose remote-control machines ihave been developed 
by NASA t o  perform many manipulative tasks in outer spac 

An astronaut i s  vulnerable, expensive, and non- 

Secondary application of these remote-control machimes and of teleoperator 
techno1 ogy general l y  i s  now successful ly  bei ng  accompli 
( a r t i f i c i a l  limbs) f i e ld  as engineers apply improved ma 
supplies , and improved control techniques. I n  the fu ture ,  the augmentation and 
extension of man by teleoperator will enable man t o  conquer factors of  distance, 
h i  gh temperature h i g h  pressures, noxious atmospheres, ixmd other dangerous 
environments on the periphery of his narrow domain., For example, i t  may permit 
a surgeon t o  perform surgery on a pat ient  a thousand m i l s  away o r  i t  may help 
marine sc i en t i s t s  t o  mine and cul t ivate  raw material and good supplies now 
locked deep i n  the oceans. 

aerospace communi ty t o  correct various photometric, geornekri c ,  and frequency 
response dis tor t ions i n  the images received from the telavision cameras of 
Ranger, Mariner, and Surveyor spacecraft. Two types o f  processing can be 
performed by a d ig i ta l  computer on a television image. Xhe f i r s t  type of 
processing i s  content analysis by which the computer extmacts information from 
the image and presents the resul tant  information non-picILorially, tha t  i s ,  as 
numerical data. In the second type of processing, image enhancement, the goal 
i s  to  improve an image so  tha t  a human photo-interpreter can more readily f i n d  
what he i s  looking for .  
f i l t e r i n g  i s  par t icular ly  useful for  bringing out f ine  e t a i l  t ha t  i s  often 
invis ible  i n  an unprocessed image. This computerized iaage enhancement method 
has proven invaluable in revealing de ta i l  tha t  was n o t  previously obtainable i n  
medi cal and b i  ol ogi  cal photographs. 
f a c i l i t a t e  the interpretat ion of chest x-rays and re t ina l  images, besides being 
used i n  1 i g h t  microscopy image enhancement of chromosomes, A closely re1 ated 
application has a lso occurred i n  which an optical trackirng device has been 
applied t o  studying blood flow velocity in  the capi l lary blood vessels,  research 
important t o  an improved understanding of the body's a b i l i t y  t o  react t o  or 
wi thstand severe envi ronmental s t resses .  

d in the prosthetics 
i a l s ,  be t te r  power 

Digital Image Enhancement. Digital computers have k e n  widely used i n  the 

T h i s  image enhancement or  two- ilnensional d ig i ta l  

Subsequently, i t i s  being appl i ed t o  
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Clean Room Techniques. Clean room techniques are used t o  prevent en t i r e  
space missions from fa i lu re  because of contamination of spacecraft components. 
S t r i c t  contaminant control i s  imperative; for  example, the function of a 
propellant system valve i n  an a l t i t ude  control device could be impaired by very 
small par t ic les  of contamination. 
l ives and large economic investments. 
i n  current use--an older type referred t o  as a conventional flow c lear  room and 
a more advanced design us ing  the laminar flow principle.  
ra t ing th i s  laminar airflow principle i n t o  hospital construction has been 
widely expressed. 
University Department of Cardiothoracic Surgery. 
requested information on such space-derived techniques as s t e r i l i zed  f i l t r a t i o n ,  
posit ive pressure environments, and contamination-free clothing. 
benefit  from the adoption of aerospace clean room techniques i s  the marked 
improvement in contaminant control and therefore,  the prevention of infections 
i n surgical operating rooms. 

T h i s  could r e su l t  in loss  of spacecraft ,  
Two design concepts fo r  clean rooms are  

In te res t  i n  incorpo- 

Requests come from organizations such as the lrlashington 
T h i s  organization has a lso 

The anticipated 

Sa te l l i t e s  in Communication, Weather Forecasting, Geography, Cartography, 
and Agriculture. 
the improvement of  communication, weather forecasting, geography, and agricul- 
ture .  
sci  enti f i  c and engi neeri ng i nves ti  gati ons conducted d u r i n g  preparati on for  the 
manned Gemini and l a t e r  the Apollo Programs. 

orb i t s  thousands of miles above the earth in order t o  afford a l iving room view 
of such events as the Olympics i n  Mexico and France, the induction of the Prince 
of Wales, and the opening of Expo '70 i n  Japan. 
renown, television i s not the primary benefi t of the communi cat i  on sa te l  1 i t e .  
Far more s ignif icant  gain has come t o  world commerce through the s a t e l l i t e ' s  
abi 1 i ty  t o  provide cheaper and more re1 i able,  , 1 ong-range communi ca t i  ons , and 
t h r o u g h  the ease of contact i t  provides by virtue of i t s  capacity. 

Sa t e l l i t e s  have been one of NASA's primary contributions t o  

The appl i cat i  on o f  sa te l  1 i tes  t o  such disci  pl i nes resulted from extensive 

The communication sa te l  1 i t e ,  which i s used for  international televi sion , 

Although enjoying widest 

The meteorol ogi cal sa te l  1 i t e  has brought many technol ogi cal , economic and 
soci a1 returns th rough  the technique of weather forecasting by space observation. 
The sa te l  1 i t e ,  which empl oys sensors t ha t  sense such atmospheri c conditions 
as temperature, pressure, moisture, and a i r  movement, i s  widely used t o  ident i fy  
destructi  ve storms. The disci  pl i nes of geography, land use and cartography 
are  aided by data derived from orbital  sensors which observe the direction of 
urban development trends, the interpretat ion of trends i n  crops, and land use. 
NASA's continued commi tment t o  an Earth Resources Technology Sate1 1 i t e  (ERTS) 
Program wi 11 continue t o  expand and improve the val ue o f  remote sensing 
technol ogy and i t s  sol id  economi c value . 

Environmental Monitoring Technology. A spacecraft cabin is  a closed 
ecological systemg thus i t  i s  a requis i te  for  manned spaceflight t ha t  a nontoxic 
environment be maintained w i t h i n  the cabin. A great deal of  e f fo r t  was expended 
by NASA i n  identifying, measuringg and controll ing the atmospheric components 
of the sealed-spacecraft-cabin atmosphere. 
i n  the design and production o f  monitoring equipment, equipment t h a t  has been 
found t o  be functionally suited t o  a i r  pollution monitoring on a broader scale.  

fluch of this e f f o r t  has resulted 
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Developments i n  monitoring devices t h a t  represent un ique  and improved 
features applicable t o  a i r  pollution monitoring include, for  example, a mass 
spectrometer t ha t  can continuously monitor the respiration of a t e s t  p i l o t  f o r  
correlation o f  quant i t ies  o f  various respiration products w i t h  s t r e s s  conditions 
being experienced by the p i l o t .  This compact instrument, which has an exclusive 
vacuum system and a h i g h  r e l i a b i l i t y  ra t ing hass in i t s  present form, been 
found sui table  for  use as an a i r  pollution monitor f o r  gases witiiin the 3- t o  
100-atomic mass u n i t  range, and can meet current monitoring a c t i v i t i e s  w i t h o u t  
much addi t i  onal developmental costs ,  An instrument b u i  1 t to  the speci f i  cat i  on 
of this prototype i s  su i tab le  for  detection and analysis of the gaseous 
constituents of the atmosphere and a s l i gh t ly  modified instrument tha t  i s  mobile 
would be sui ted for use by ci vi 1 i an moni to r i  n g  agenci es . 

Another piece of technology is the trace-gas analysis procedure developed 
t o  co l lec t  and analyze gases i n  the Apollo spacecraft cabin. 
fo r  use i n a i r  pol 1 u t i  on research faci 1 i t i  es t o  moni t o r  speci a1 manufacturing 
processes, o r  i n  research work. A t h i r d  item is  a device used t o  detect  glycol 
vapor i n  spacecraft cabin atmospheres. 
and analysis of glycol i n  the atmosphere a t  a very low per-sample cost .  

I t  i s  sui table  

The device i s  sui table  for  detection 

Other instruments and techniques usable fo r  a i r  pollution monitoring 
ac t i  vi t i  es i ncl ude a hot-wire detector fo r  chemical ly  ac t i  ve materi a l s  once 
used for cabin-contaminant ident i f icat ion and analysis,  and a microwave 
spectroscope i n  which detection of molecules i s  based on the absorption of 
various microwave wavelengths by d i f fe ren t  gases. 

The ident i f icat ion and analysis of possible toxic concentrations of gases 
and vapors within a spacecraft cabin are  not the only areas of  gas  monitoring, 
i n  which NASA has contributed technology. Other aerospace-devel oped analytical 
systems include welding gas monitors, welding spectrometer analyzers, and clean 
assembly-area monitors. 
techniques, too, have appl i cabi 1 i t y  t o  the monitoring of ai r pol 1 utants. 
Finally, measurement of air pollution from s a t e l l i t e s  i s  ow also feasible  
t h r o u g h  use of such instruments as l a se r s ,  infrared sensors, and microwave 
equipment and w i  11 provide i nformati on t h a t  wi 11 contribute t o  the detecti  on 
o f  contaminants which threaten our environment. 

As i n  the case o f  cabin-atmosphere monitoring, these 

Mi croel ectronics 
space research programs have been most active i n  the deve opment and appl i cation 
o f  microelectronic devices. 
electroni c c i  rcui t functions are fabricated i n  small s o l i  d s t ructures  t h a t  are 
both re l iab le  and inexpensive. Microelectron$cs, invaluable i n  such applications 
as the INP I s a t e l l i t e ' s  optical aspect computer, the t e s t  apparatus t h a t  
provides ground suppor t  equipment for the Apol l o  gujdance computer, and the 
ci  rcui t ry  o f  mu1 t i  channel di gi t a l  computers, are  now f i  n d i  ng widespread commer- 
c ia l  application in telephone switching c i r c u i t s ,  t e lev is ion ,  and small desk- 
type and other commerci a1 computers. Mi croelectroni c technology i s expected t o  
open en t i re ly  new poss ib i l i t i es  i n  e lectronic  instrumentation and data processing 
i n  which i t  will  be used to  implement many new applications which otherwise . 
would n o t  be feasible or which would be done less  e f f i c i en t ly .  

Integrated C i  rcui t r y  and T h i r d  Generati on Computers. 

These devices encompass technologies by which 

NASA 
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The requirement t o  check o u t  and determine f l i g h t  s ta tus  o f  the major 
components of the booster stages and vehicles 
of assemblies and hundreds of thousands of individual devices, stimulated the 
development of completely new and unique methods. As the time fac tor  required 
fo r  checkout t o  meet the very narrow launch constraints i s  c r i t i c a l ,  automated 
methods were essent ia l .  To use automatic or computer operated t e s t  methods, 
NASA, ear ly  i n  i t s  program, required the computer industry t o  develop machines 
with greatly expanded memory capacity and s ignif icant ly  f a s t e r  computational 
a b i l i t y .  
the redesign of e lectronic  c i r cu i t ry ,  
was born w i t h  i t s  massive batiks of disk and core memories and introduced 
integrated c i rcu i t ry  in to  computer design. 
ident i f ied by the trade name "IBN 360 System" i s  the system tha t  i s  revolution- 
i zi ng accounting , record keepi ng , banking , techni cal data banks and data 
processing, and has fostered a new industry ident i f ied as "Time Sharing". This 
i s  the system where a number of  companies w i t h  associated requirements fo r  data 
processing share a computer by using remote consoles, ra ther  t h a n  maintaining 
a computer ins ta l la t ion  i n  t he i r  f a c i l i t y .  
made modern computer technology available t o  medium s i z e  and small businesses, 
thereby improving profi t potenti a1 and competi t i  ve position i n the market 
place without t he i r  hav ing  t o  make large capital  investments i n  computer 
equi pment. 

hundreds of subsystems, thousands 

These requirements made the drum memory u n i t  obsolete and forced 
The so-called "Third Generation Computer" 

This new machine probably best  

The "Time Sharing'' concept has 

Fuel Cell Technology. Unmanned vehicles secure their power from the sun 
through so lar  cel l  arrays which provide adequately f o r  the i r  low power usage. 
The Apollo Program required much higher power levels t o  power the Command F'lodule. 
Sky Lab, a space o r b i t i n g  s c i e n t i f i c  workshop, will require s t i l l  higher power 
levels fo r  operation of the many s c i e n t i f i c  experiments as well as providing 
fo r  l i f e  support systems for the men l iving i n  the orbi t ing lab f o r  up t o  30 
days. 
small i sotope or atomic power generati on plants. 
present safety hazards when an integral  par t  of a space s t a t ion ,  shielding 
methods and materials are  being developed t o  meet this need. 
small atomic generator or fuel cel l  may lead t o  each home and building having 
i t s  own self-contained power supply and reduce dependence on the rapidly 
disappearing supply of foss i l  fuels.  I t  i s  in te res t ing  t o  note t h a t  the fuel 
ce l l  delivers a bonus i n  a supply of fresh clean water. Th i s  m i g h t  make a new 
supply of water available t o  every home, thereby reducing our demands on presently 
available natural supplies,  allowing o u r  ecologists needed time t o  i n s t i t u t e  
ant i  -pol 1 u t i  on programs t o  restore the ecol ogi cal bal ance i n 1 akes , ri vers and 
streams . 

This power requirement has led t o  the consideration and development of  
A1 though these components 

Development of  the 

Inorganic Coatings. Advanced space/missile requi remnts  d ic ta te  the 
development o f  new coinbi nati ons of materi a1 s wi th markedlv superior properti es. 

. I  

The sophisticated combination of two or more substances i t o  a composite- 
materials system yields a combination of properties unobtainable from e i the r  
substance. 
strength,  f l e x i b i l i t y ,  and other useful properties of the metall ic substrate 
w i t h  excellent chemical resistance,  divers i ty  o f  cblor and texture,  and ease 
of cl eani ng  . 

An example i s  a vitreous-porcelain enamel w h i c h  combines the 

Inorganic coatings represent an important d-P' vi si on of composite- 
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materi a l s  systems currently undergoing rapid devel opment t o  serve novel appl i ca- 
tions y and comprise materials such as glasses,  crystal l ine ceramics, carbides 
s i l i c i d e s ,  borides, su l f ides ,  and metals. These coatings have application i n  
areas such as thermophototropic coatings which assure new optical devices w i t h  
optical properties tha t  respond t o  l i gh t  in tens i ty ,  and thermal control coatings 
useful for  so la r  energy conversion systems and thermal control. 
exampl e of recent appl i ca t i  on of  NASA-developed i norgans” c s i  1 i cate  pai n t  is  the 
use of such paint by a university research center t o  coat the i n t e r i o r  of a s t ee l  
high pressure oxygen chamber t o  supply a hard, i n e r t  coating tha t  will not, as 
has occurred w i t h  previous coatings, permit contamination th rough  chamber 
deterioration t o  the h i g h  oxygen, h i g h  moisture atmosphere. 

A practical 

Portable Life Support Systems. The challenges o f  the lunar environment, as 
we1 1 as  extravehicular ac t iv i ty ,  required pressure maintenance and oxygen supply 
for  the astronauts. 
operations has advanced technology i n  the following areas: oxygen supply and 
pressurization carbon dioxide contaminant control,  thermal and humidity control ,  
power, communicati ons--voi ce and telemetry channel, and instrumentation controls 
and s ta tus  displays. Subsequent development o f  l i f e  support systems include 
the Portable Env i  ronmental Control System (PECS) , the 
system, f lu id i c  temperature control for liquid-cooled space suits techniques 
fo r  excess metabolic heat re ject ion from the outside surfaces of protective 
suits,  a heat rejection system for  the extra-vehicular astronaut,  sol id  
oxygen for portable l i f e  suppor t ,  research on sodium chlorate candles for  the 
storage technology from these systems can and will contribute t o  improved l i f e  
s u p p o r t  systems for  use by miners and firemen. 

weight r a t io s .  
laminates, which we a l l  recognize as used i n  power boat hulls and automobile 
bodi es. 
materials where thousands o f  whiskers or small needles of carbides are combined 
w i t h  aluminum and other metals during the smelting process, culminating in  alloys 
fo r  castings and forgings with greatly improved physical properties. Composites 
emerging from th i s  research will provide the industr ia l  designer w i t h  new 
materi a1 s which wi 11 a1 1 ow for greater i nnovati on and f lexi b i  1 i ty  i n product 
appl i cations. Other forms of f i  1 ament composites , ori gi rial ly used i n  the 
fabrication of missile bodies and rocket engine nozzles, are  being used in the 
fabrication of housing modules f o r  innovative urban development projects. 

iman e f f o r t  t o  fur ther  reduce the energy loss and component wear caused by 
f r i c t ion .  
i n  moving parts, commonly used petroleum o i l s  quickly became inadequate and have 
had t o  be replaced by new, synthetic materials. 
supersonic a i r c r a f t  and spacecraft ,  temperature and pressure conditions became 
even more severe and the search fo r  more e f fec t ive  lubrication resulted in  the 
development of solid lubricants. Solid lubricants have the advantage o f  good 
s t a b i l i t y  a t  extreme temperatures and i n  chemically reactive environments and 

Space program research i n  in t ra -  and extra-vehicular 

SA aircrew oxygen 

Composite Materials. Composites are  materials possessing h i g h  strength-to- 
The most fundamental o f  these probably are the f iberglass  

Advanced NASA requirements are developi ng enti  rely new types of composite 

Solid Lubricants. Improved 1 ubri cat i  ng materi a1 s are constantly bei ng  sought 

With increasing trends toward the use of higher and higher temperatures 

With the introduction of 
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afford the design advantage o f  lighter w e i g h t ,  s implification, and improved 
dynamic and mechanical s t a b i l i t y ;  a must in modern aviation and space technology. 
Solid lubricants show a large market potential for  use i n  the automotive, heavy 
e l e c t r i c a l ,  metal working, and marine industr ies .  Although s o l i d  lubricants 
will not t o t a l l y  replace the more conventional lubricant,  they will open up new 
f ront ie rs  t o  operating machinery, not only under h i g h  temperatures, b u t  a lso 
under conditions of extreme cold, very h i g h  vacuum, nuclear radiat ion,  and 
extreme 1 oads . 

Systems Llanagement. NASA-supported projects have been so  1 arge and complex 
t h a t  the systems approach to  the i r  management was not only desirable b u t  
necessary. 
techniques re1 ated t o  each other by several common character is t ics  which describe 
the approach taken t o  problem solving -- spec i f ica l ly ,  a systematic and usually 
quantitative approach which concentrates on the system as a whole, as opposed 
t o  i t s  consti tuent elements. 
i ncl ude, among others, operations research, operations analysis,  cost-benefi t 
analysis and engineering-economic analysis. Since the common character is t ics  
of systems technology focus on the type o f  approach t o  problems involved, this 
systems management approach can be used t o  attack large classes of problems in 
many disparate areas. T h e  value o f  t h i s  approach i s  apt ly  i l l u s t r a t e d  by the 
use of systems analysis i n  the planning o f  a $100 million hospital complex i n  
Alberta, Canada, i n  which o f f i c i a l s  estimated t h a t  the study saved $6 million i n  
brick and mortar costs alone, and i t  was anticipated tha t  increased s t a f f  
efficiency by virtue of optimum design wou ld  save another $12 t o  $14 million, 

Systems analysis technology can be i l l u s t r a t ed  as a spectrum of 

Techniques which comprise t h i s  new technology 

Related t o  systems management concepts i s  the concept of integrated manage- 
ment information centers. These centers,  such as the one a t  Kennedy Space 
Flight Center, use a variety of data display techniques and capabi l i t ies  t o  
provide a par t icular  project management group w i t h  a unique management device. 
These centers provide access t o  and display a l l  information relevant t o  a project 
management decision-maker's t a s k .  
personnel involved i n  the construction of a new a i rpor t  and i n  the management 
of other public works construction projects.  

The concept has been adopted fo r  use by c i ty  
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NASA's RESPONSE TO T H E  NEED ,FOR TECHNOLOGY: 

AN ACTIVE PROGRAM FOR TECHflOLOGY TRANSFER - 
8 

The National Aeronautics and Space Admini s t r a t i  on has generated a vast 
amount of sci  enti f i  c and technol ogi cal knowledge i n  a great vari e ty  of d i  sci  pl i nes 
and f i e lds .  
knowledge led the Congress, as s t ipulated in the original Space Act of 1958, t o  
ca l l  for ' I .  . . long-range studies of  the potential benefits t o  be gained from, 
and the problems involved i n ,  the u t i l i za t ion  of aeronautical and space a c t i v i t i e s  
for  peaceful and s c i e n t i f i c  purposes. I' The Congress charged NASA specif ical ly  
w i t h  the obligation t o  ' I .  , . provide f o r  the widest practicable and appropriate 
dissemination of  information concerning i t s  a c t i v i t i e s  and the resu l t s  thereof." 

Cognizance o f  the need t o  maximize the u t i l i za t ion  of this 

OBJECTIVES OF THE TECHNOLOGY UTILIZATION PROGRAN 

To a s s i s t  i n  carrying out t ha t  obligation the NASA Technology Util ization 
Program was in i t i a t ed  in 1962. 
Uti 1 i zat i  on Program are  : 

The s ta ted objectives of NASA's Technology 

To increase the return of the national investment i n  aerospace 

know1 edge gained i n those programs 
. research and development by encouraging additional uses of the 

To shorten the time gap between the discovery of new knowledge and 
i t s  effect ive use i n  the marketplace 

To aid the movement of new knowledge across i ndus t r y ,  d i  sci  p l  i nary, 
and regional boundaries 

To contribute t o  the knowledge of be t t e r  means of  transferring new 
knowledge from i t s  points of  origin to  i t s  points of  potential 
use. 

In order t o  achieve the objectives s e t  forth, a two-pronged approach t o  the 
problem of technology t ransfer  was established. 
Information Office was formed t o  acquire, publish, and disseminate aerospace 
information and was charged w i t h  the responsibil i ty t o  work according to ,  as 
we1 1 as t o  improve, the t radi t ional  i nformati on di ssemi nat i  on mode. In  addi ti  on, 
the Techno1 ogy Uti 1 i zation Office was formed a t o  i ns t i  tute new approaches t o  a1 1 
of the facets  of the technology t ransfer  process, namely the ident i f ica t ion ,  
eval uati on, pub1 i ca t i  on and d i  ssemi nati on functi ons of an acl i  ve technol ogy 
trans f e r  pro gram. 

The  Sc ien t i f ic  and Technical 



THE TECHNOLOGY UTILIZATIOl'I OFFICE 

The Techno1 ogji Uti 1 i zat i  on Office 's  approach fo r  increasing the uses of 
aerospace technology, for purposes other than aerospace, has been a s e r i e s  of 
experimental programs. 
approaches toward rapid and effect ive communi cation of new knowledge t o  d i f fe ren t  
potential users. 
i n technology i denti f i  cat i  on acqui s i  ti  on, and eval uati on phases and the 
technol ogy appl i cat i  on phase. 

These programs were designed t o  expl ore vari ous 

The various programs now sponsored by the Office are conducted 

Most of the technology u t i l i za t ion  research e f f o r t  in the i n p u t  phase has 
been d i  rected toward improved methods of i denti fyi n g  and acqui ri ng new technol ogy 
from the research and devel opment e f fo r t s  of NASA sc i en t i s t s  and contractors. 
The program provides for a Technology Uti l izat ion Officer a t  each NASA research 
ins ta l  1 a t i  on throughout the country. 
ensuring tha t  the s c i e n t i f i c  personnel a t  the in s t a l l a t ion ,  as well as those of 
contractors connected w i t h  tha t  instal l a t i  on,  document and report  (separately 
from the i r  technical reports)  any inventions, improvements, or other forms of  
new technol ogy devel oped. 

The Offi cer has the respons i b i  1 i ty  of 

A number of  experimental programs are  also underway i n  the output phase, 
w i t h  continuing emphasis on communication with, ra ther  t h a n  dissemination t o ,  the 
potential user. 
been the NASA Tech Brief program. A concise one- or  two-page announcement, the 
Tech Brief describes i n  general terms the ava i l ab i l i t y  of new NASA Technology, 
and i ncl udes references t o  those places were addi t ional , more detai led i nforma- 
tion may be obtained. The Tech Briefs a re  dis t r ibuted t o  personnel in indus t r ia l ,  
governmental, and educational organizations so tha t  they know of new NASA 
technology and are able t o  comunicate w i t h  appropriate NASA personnel t o  learn 
more about i t .  

A Means of communicating w i t h  the user, ongoing since 1963, has 

The acceleration of Technology f low from developer t o  user required an 
intermediary party or  "coupler" t o  coordinate communi cation between the tech- 
nology source and receptor. 
u t i l i ze s  this "coupler" concept. 
geographical ly dispersed computerized information storage and re t r ieval  centers 
( R D C L  and technological i nformati on from the Sc ien t i f i c  and Technical Informati on 
Office i s  supplied t o  them in the form of computer tapes. Qualified RDC 
personnel acting as "couplers" search the computer tapes for appropriate 
aerospace technol ogy i n response t o  speci f i  c requests and provide a speci a1 i zed 
package of information applicable t o  the problem of the requester. 

The Regional Dissemination Center ( R D C )  program 
I t  i s  a network of university-based and 

The Applications Team Program is another in te res t ing  and successful experi- 
m e n t  ins t i tu ted  by the NASA Technology Util ization Office t o  accelerate the 
t ransfer  of aerospace technology t o  the non-aerospace user t h r o u g h  the use of  
the "coupler" mechanism. 
Appl i cat i  ons Team Program. 

T h i s  report  focuses on the recent achievements of the 
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THE APPLICATIONS TEAM PROGRAN 

NASA was aware of many e f fo r t s  a t  implementing concepts of technology 
u t i l i za t ion  which were passive in nature, that  i s ,  information (or  technology) 
i s  provided t o  those who are able t o  seek i t .  
pursues an active rather  than passive e f f o r t ,  and car r ies  the "coupler" concept 
one s tep further.  
coupler mechanism, i n  this case, the Applications Team. 

The Applications Team Program 

B o t h  problems and solutions a re  actively sought by the 

The  Appl i cations Team experiment, as ori ginal ly  conceived i n 1965, was 
intended to  involve a core of Technology Applications Teams located a t  various 
research in s t i t u t e s  and s taffed by professionals from a variety o f  disciplines.  
These teams were t o  meet w i t h  investigators t o  define t h e i r  problems and t o  t r y  
t o  locate potential solutions by searching the NASA information system. The 
teams would, therefore,  provide an interface between a problem from one research 
area and a potential solution from a quite d i f fe ren t  research area. The research 
area studied i n i t i a l l y  was biomedicine and the original Biomedical Applications 
Team experiment tested and veri f i  ed these hypotheses : 

Biomedical researchers are receptive t o  new techno1 ogy and would adapt 
i t  i f  i t  were available and w i t h i n  t he i r  resources 

The flow of aerospace technology t o  applications i n  biomedicine can be 
accelerated 

A mu1 t i d i  sci  p l  i nary interface between the NASA aerospace data bank and 
biomedicine, u s i n g  a systematic experimental methodology t o  ident i fy  
and r e l a t e  technical needs w i t h  potentially applicable aerospace 
technology, offers  an effect ive means for t ranslat ing this singularly 
oriented mission information t o  a new mission area such as biomedicine. 

The i n i t i a l  success o f  the Biomedical Applications Team and increased public 
i n t e re s t  in potential use o f  aerospace technology to  solve other pressing 
social problems led t o  an expansion o f  the Application Team Program. The 
Program now focuses on such public problem areas as a i r  pollution, water 
pollution, cr iminal is t ics  and law enforcementg urban construction, transportation, 
and mine safety.  

The B i  omedi cal Appl i ca t i  ons Teams currently have 56 i nsti  t u t i  ons ac t i  vely 
participating i n  the program, which are l i s t ed  in  Table  1. 
Techno1 ogy Appli cat i  otls Teams' have 53 ac t i  vely parti  ci pati ng i nsti tut i  ons as 
l i s t e d  i n  Table 2.  
Team concept i s  t h a t  i t  gained widespread acceptance i n  professional communi t i e s  
which are o f t e n  described as being reluctant t o  accept and u t i l i z e  new technology.. 
The  re la t ively short  history of the NASA Applications Teams has c lear ly  demon- 
s t ra ted  tha t  t radi t ional  communications barr iers  can indeed be bridged when 
there are well focused and directed e f fo r t s  made t o  solve pressing problems of 
our society.  

The public sector  

A.significant achievement and advantage of the Applications 
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TABLE 1 

INSTITUTIONS CURRENTLY PARTICIPATING IN THE BIOMEDICAL 

APPLICATIONS PROGRAM 

A1 buquerque Veterans Administration Hospital 
Bay1 o r  Uni versi t y  Col 1 ege of Medi ci ne 
Bay P i  nes Veterans Admi n i  s t r a t i  on Hospital 
Birmingham Veterans Admi n i  s t r a t i  on Hospital 
Bowman Gray School o f  Medicine Wake Forest  
C h i  l d r e n ' s  Hospital o f  Los Angeles 
Creighton University School of Medicine 
Dallas Veterans Administration Hospital 
Doheny Eye Foundation, Los Angel es 
Duke University 
Gai nesvi 1 l e  Veterans Admi n i  s t r a t i  on Hospi t a l  
Gal 1 up Indian Medical Center 
Hol lywood Presbyteri an Hospital , Los Angeles 
Hot Spr i  ngs Rehabi 1 i t a t i  on Center 
Ins ti  t u t e  f o r  Rehabi 1 i t a t i  on Medi ci  ne 
Jackson Veterans Admi n i  s t r a t i  on Hospi t a l  
Lorna L i  nda Uni versi  ty  Medi cal School 
Long Beach Veterans Admi n i  s t r a t i  on Hospi t a l  
Los Angeles County/USC Medical School 
Louisiana S t a t e  University 
Mi lwaukee County General Hospital 
National Cancer I n s t i t u t e  
National Environmental Health Sciences Center 
National Heart and Lung I n s t i t u t e  
National I n s t i t u t e  f o r  Neurological Diseases and Stroke 
North Carol i na Di v i  si on of Vocational Rehabi 1 i t a t i o n  
North Carolina S t a t e  University 
Ochsner Foundation and Cli n i  c 
Oklahoma Veterans Administration Hospital 
Parsons S t a t e  Hospital and Train1 ng Center 
Rancho Los Amigos Hospital 
Scot t  White Cl inic  
Sepulveda Veterans Admi n i  s trati  on Hospi t a l  
S t .  Joseph 's  Hospital 
S t .  Luke's Hospital 
Texas A E; M University, College S t a t i o n ,  Texas 
Tu1 ane Uni vers i  t y  
UCLA Col lege o f  Medi c i  ne -- Orthopedics 
United Cerebral Palsy Association 
Universi t y  of A1 abama Medi cal School 
Uni versi t y  of Arizona Col lege of Medi ci ne 
University o f  California  a t  Davis 
Uni vers i  ty  of F1 ori da Col 1 ege of Medi ci ne 
Uni versi  ty  o f  Iowa School of Medi ci ne 
University of Kansas, Medical Center 
University o f  Minnesota 
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TABLE 1 ( c o n ' t )  

University o f  Missouri 
University o f  Missouri Dental School 
University o f  North Carol i na 
University o f  North Carolina Dental School 
Universi ty  o f  Southern Cal i fornia  Medical School 
University o f  Texas Medical Branch a t  Galveston 
University o f  Texas Medical School a t  San Antonio 
University o f  Texas Southwestern Medical School 
University o f  Utah Medical School 
University o f  Washington 
University o f  Wisconsin 
Veterans Administration Southern Research S u p p o r t  Center 
Veterans Administration Western Research Support Center 
Washington University 
Western Missouri Mental Hospital 
Woodrow Wi 1 son Rehabi 1 i t a t i o n  Center 
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TABLE 2 

INSTITUTIONS CURRENTLY PARTICIPATING IN THE 

TECHNOLOGY APPLICATIONS PROGRAM 

A i  r Pol 1 u t i  on 

Air Resources Board, California Department of P u b l i c  Health 
Bay Area Pollution Control Dis t r ic t  
California Department of Agri cul tu re  
California Statewide Air Pollution Research Center 
Los Angeles County Air Pol 1 ution Control Dis t r ic t  
National Air Pollution Control Administration 
S ta t e  of Washington Air Pollution Control Board 
Utah Sta te  Division of Health 

Water Pol 1 u t i  on 

Chqcago Metropolitan Sanitary Dis t r ic t  
City of Dallas, Texas 
Federal Water Quality Administration Laboratories 

Law Enforcement and Criminalistics 

California S ta te  Bureau of Criminal Ident i f icat ion & Investigation 
Chicago Fire Department 
Chicago Pol i ce Department 
Cleveland Police Department 
Contra Costa County Sher i f f ' s  Office 
Los Angeles Police Department 
Mary1 and State  Pol i ce 
New York City Fire Department 
New York City Police Department 
Oak1 and Poli ce Department 
Port Authority Police, New York 
San Francisco Pol ice  Department 
San Mateo County She r i f f ' s  Office 
Santa Clara County Laboratory o f  Criminalistics 
Sea t t le  Police Department Criminalistics Laboratory 
U.S. Postal Service 

Mine Safety 

U.S. Bureau of Mines Research Laboratories 
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TABLE 2 (Con't) 

Transportation 

Bay Area Rapid Trans i t  D i s t r i c t  
Cal i fornia  Divis ion o f  Highways 
Cal i fornia  Highway Patrol  
Center for Urban Regionalism 
Department of Highways, S t a t e  of Pennsylvania 
Department of Highways , S t a t e  of Was hi ng ton 
Fairbanks Highway Research S ta t ion  (DOT) 
Federal Highway Admi ni s t r a t i  on (DOT) 
Federal Rai 1 road Admi n i s t r a t i  on ( D O T )  
Highway Research Board 
Highway Safety Research Center, Chapel Hill, N.C. 
Highway Safety Research I n s t i t u t e ,  Ann Arbor, Michigan 
Montana S t a t e  Highway Commission 
San Jose (Cal i f  orni a )  Traf f i  c Engi neeri ng Department 
Southern Cal i fornia  Rapid Trans i t  D i s t r i c t  
Urban Mass Trans i t  Administration (DOT) 

Urban Development 

Department o f  Housing and Urban Development 
Urban Development Corporation of the S t a t e  of New York 
Branson Sonic Power 
Burndy Corporati on 
C i  v i  1 Engi neeri  ng Program Appl i c a t i  ons (21 ac t ive  cl i ents for  computer 

software ) 
Hauserman 
Owens Corning 
Rei chhol d Chemical 
Stan 1 ey Works 
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The objectives of the NASA Applications Teams are: 

To ident i fy  s ignif icant  public problems and needs existing i n  
.the problem areas studied which appear t o  be "solvable" by 
application of aerospace technology 

To seek o u t  and ident i fy  specif ic  aerospace technologies or  concepts 
which may lead t o  solution of these problems 

To advise o r  guide problem originators,  as appropriate, i n  the 
appl i ca t i  on of these techniques t o  thei r probl ems 

To document successful appl i cation o f  aerospace re1 ated technol ogy 
by researchers as a result o f  t h e i r  participation i n  the Applica- 
t ions Team Program. 

A key character is t ic  of the Appli ca t i  ons Team Program, as noted previously , 
i s  tha t  by definit ion i t  i s  participative,  
considered essenti a1 t o  successful ly  gai n user acceptance and t ransfer  technology 
from one d isc i  pl i ne t o  another. One Bi omedi cal Appl i cations Team di rector noted: 

Participation or involvement i s  

"Personnal i nteracti  on is  vi t a l  when two diverse disci  pl i nes a re  
attempting t o  interact .  
people do. 
results when two people s i t  down t o  ta lk .  
physician an engineering document, the results are  usually zero. The 
physician cannot begin t o  real i ze the significance o f  modern communi - 
cations technology t o  his method of dispensing health care,  and the 
engineer cannot recogni ze the s i g n i  f i  cance of his cryogenic technol ogy 
t o  leukemia therapy u n t i  1 face-to-face and repeated personal 
interaction occurs. Personal interaction between a1 1 elements of the 
team program (physi ci  an, team member, and aerospace engi neer ) has been 
found t o  be of  major importance f o r  success.lf 

In f a c t ,  d iscipl ines  do n o t  in te rac t ,  b u t  
The interaction between two diverse disciplines real ly  

I f  we simply give a 

The brief description of Appl i cations Team Methodology which f o l l  ows 
underscores the continuous involvement of  the researcher with a problem i n  every 
phase of the team e f f o r t .  

METHODOLOTY 

The Applications Team Program, as an experimental e f fo r t  requi res constant 
review and modification of  program methodology in  order t o  take advantage of 
know1 edge gai ned. The four general phases of the program's methodol ogy have 
however remai ned essenti a1 ly  unchanged. 
defi ni t i  on and acceptance ; search for appl i cable aerospace technol ogy; eval uati on 
and appl i ca t i  on of the technology; and t ransfer  documentation e 

They are : problem i denti f i  cat i  on,  

Problem Ident i f icat ion,  Definition, and Acceptance. Introduction t o  the 
A p p l i  cat i  ons Team Program i s made throuah a formal presentation del i  vered by 
a-  team member However i nformal discussions with col leagues a1 ready 
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parti  ci pati ng i n the program may i nteres t the non-parti cipant. The prospecti ve 
Problem Ori gi  n a t o r  then arranges a conference w i t h  an Appli cat i  ons Team member, 
where the technol ogi cal problems of the prospective Problem Ori gi  nator are  
discussed i n  de t a i l .  I n  the next s tep,  the team member defines the problems i n  
concise terminology of the physical sciences and conducts a preliminary eval ua- 
tion o f  each proposed problem. 

The prel i m i  nary eval uati on i ncl udes a revi ew of team i n-house technol ogy 
f i l e s  t o  serve as pertinent background information. T h e  technology f i l e s  are 
composed of commeri cal product data,  AASA pub9 i ca t i  ons ., h i  s to r i  cal data on 
previously accepted problems, potential t ransfers ,  and t ransfers .  After the 
background information i s  reviewed, each proposed problem is screened against 
broad acceptance c r i  t e r i a .  
Teams, b u t  generally, the factors considered are: 

These c r i t e r i a  vary somewhat among the A p p l i  cat i  ons 

VALUE - Sol uti on t o  the problem should s i g n i  f i  cantly contribute 
t o  progress towards overcoming a major problem 
identi f i  ed by the profession served 

SPECIFICITY - The problem should be suf f ic ien t ly  d iscre te  t o  
faci l i  t a t e  formation of spec i f i c  search strategy 

SOLVABILITY - The problem should appear reasonably amenable to  solu- 
ti on by aerospace technol ogy 0%- experti se  

A proposed problem would rarely be accepted for stu i f  i t appeared readi ly  
solvable e i the r  by known commerical ly available technology or by knowledge 
gained from a simi 1 a r  problem, previously sol ved through 'Techno1 ogy Appl i cat i  ons 
Teain Program e f fo r t s .  I n  both cases, the proposed problem would be rejected and 
the prospective Problem Ori ginator informed of  the avai Iialble technology. (The 
Problem Originator i s  always informed of the reasoning behind rejection of his 
proposed problem. ) 

When a problem i s  formally accepted, the team member prepares a Preliminary 
Problem Statement which summarizes what i s  known of the problem a t  the time, and 
serves as a means of "gathering thoughts'' on the problem prior  t o  search 
i ni ti  a t i  on. 

Search for Appropriate Aerospace Technology. A preliminary search i s  based 
on the i n i t i a l  def ini t ion o f  the accepted problem, augmelnted b y  assistance from 
qualified search personnel a t  the Regional' Disseinination Center ( R D C )  t h a t  
supports the designated team. 
search s t ra tegy and the vast  NASA Aerospace Data Bank is  searched for appropriate 
technol 09. 

A team member then constructs a comprehensive 

The problem of re t r ieving relevant documents for a non-aerospace user i s  
d i f f i c u l t .  
which will pair  subject groups.  
would retr ieve more documents t h a n  could be economically screened and processed. 
Use of a second grouping eleminates many of the extraneous documents. 

To accomplish this task one must devise a computer search s t ra tegy 
I f  only one subject group were used the computer 

For 
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example, i f  the problem involved blood flow ra te  measurement, the search 
s t ra tegy would be constructed to  locate a l l  information on technology developed 
by NASA t o  measure the blood flow ra te  and other physiological parameters of 
astronauts i n  outer space. The broad groupings used might be medical; sound; 
flow; and signal analysis. 

Pairing of  the groups as discussed above will  not always recover a l l  
relevant documents i n  the data bank,  
one of the groups. 
describing the aerospace problem or objective f o r  which tbe  technology was 
developed. I t  then becomes necessary f o r  the s t ra tegy designer t o  determine 
w h a t  these aerospace problems o r  objectives were. Using t h e  blood flow ra t e  
measurement as an example again, i t  would be necessary to develop the search 
strategy t o  recover aerospace related informati on indexed under aerospace terms. 
For example, technology developed t o  measure l iquid fuel f l o w  r a t e  through 
f lex ib le  t u b i n g  i n  spacecraft m i g h t  be applicable. 
t o  t h i s  aerospace problem would enable the search s t r a t e g i s t  t o  determine the 
keywords used in indexing t h a t  document. 
fur ther  developing the search for aerospace technology relevant t o  the non- 
aerospace problem. 
solve a problem quite d i f fe ren t  from the blood flow ra t e  measurement problem b u t  
ye t  broadly related in a technical engineering sense. 

Searching for  aerospace technology also involves ana&her means, t ha t  of the 
ac t i  ve p a r t i  ci p a t i  on of NASA s c i en t i s t s  and engi neers . To o b t a i n  such parti  ci pa- 
t ion ,  the team member prepares a formal Problem Statement which includes a 
definit ion and detailed description of the problem, inadequacies of currently 
available technology, constraints and res t r ic t ions  on potential  solutions,  and 
impact of potential solution. 
disci  pl i nary techni cal termi no1 ogy , and revi ewed by the Technol ogy Uti 1 i zat i  on 
Office prior t o  dissemination by the NASA Technology Utill-ization Officers a t  the 
f4ASA f ie ld  centers,  who i n  turn d is t r ibu te  them t o  appropriate par t ic ipat ing r4ASA 
s c i e n t i f i c  and technical personnel. 

Many documents will be indexed only under 
B u t  these documents may be indexed umder an aerospace term 

Recovery of documents related 

These keywords could then be used i n  

The end product viould be aerospace technology developed to  

The Problem Statement is p,vepared i n  non- 

NASA personnel, h a v i n g  reviewed the Problem Statemen%, may be aware of a 
potenti a1 sol u t i  on. 
through the i nstall a t i  on’s Technol ogy Uti 1 i zati  on Officer. 
potenti a1 sol uti on i s forwarded t o  the Team through the Technol ogy Uti 1 i zat i  on 
Officer 

They respond by contacting the Applicati ons Team member 
A description o f  the 

The Aerospace Data Bank search and the Problem Statement dis t r ibut ion 
provi de for  i denti f i  ca t i  on of  most of the reported and unreported i4ASA techno1 ogy. 
Thus ,  these are the most widely used methods of teams searching fo r  par t icular  
technology. Other means of accessing information on NASA technology are being 
explored by the teams, such as v i s i t s  t o  NASA f i e l d  centers ,  and conferences 
between Problem Originators and NASA sci enti fi’c personnel. 

Eva1 uati on and Appl i cation o f  the, Technol oqy. The Appli cat i  ons Team 
member evaluates the i nformation on available aerospace technology a f t e r  
receiving the resu l t s  of the RDC computer search, responses to  Problem Statements 
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or any other pertinent information from other sources. tie makes a preliminary 
determi nati on as t o  whether the i denti f i  ed technol ogy m i  g h t  provide  a sol u t i  on 
t o  the problem under study. 
from team t o  team, depending on the par t icular  problem under study, the team 
member's relationship with the Problem Originator as well as his needs and 
objecti ves. 

The extent of this team member evaluation varies 

RDC search resu l t s  are  processed by sending  abstracts  o f  technical documents 
considered applicable t o  the team member; he reviews the abstracts ,  marking those 
tha t  seem relevant t o  the problem. 
Originator for eval uati on. 
responses t o  Problem Statements. 
l ea s t  some applicable technol ogy i n  the computer search r e su l t s  or the Problem 
Statement responses. Irrelevant information, as a ru le ,  is  n o t  passed along t o  
the Problem Ori ginator. Instead, the team member re-eval uates the problem. 
The reevaluation forms the basis for  redefining the search c r i t e r i a  or f o r  
closing out the problem. 

These are transmitted to  the Problem 
The same procedure i s  fol lowed for  eval uati on of 

The team member rarely f a i l s  t o  ident i fy  a t  

When the Problem Originator receives the resu l t s  of  the team search 
ac t i  v i  t i e s ,  he also eval uates the i nformati on. I f  his eval uati on i ndi cates no 
potenti a1 apparent solutions,  the Problem Originator no t i f ies  the team member, 
and a second evaluation of the problem i s  made. 

I f  a potential solution t o  the problem i s  found,  the problem i s  then known 
as a Potential Transfer. 
the team member and the Problem Originator work together closely t o  b r i n g  the 
Transfer t o  f ru i t ion .  This involved interaction includes such ac t iv i t i e s  as 
locattng NASA hardware for loan and/or development of des ign  speci f i  cati ons f o r  
fabrication, obtaining funding or other means t o  modify o r  fabr ica te ,  and 
arranging fo r  t e s t  experiments. These steps cause the time required to  bring a 
Potential Transfer t o  the Transfer stage t o  vary considerably, depending on the 
problem. 

D u r i n g  the time between Potential Transfer and Transfer, 

Transfer Documentation. The team member has the responsibi 1 i ty  o f  
preparing a Transfer Report a f t e r  fabrication and t e s t ing ,  and successful 
application of the technology to  the problem. 
the process and impact of successful t ransfer  of aerospace technology. 
chart o f  the basic applications team methodology i s  shown i n  Figure 1 .  

This completely documents b o t h  
A flow 

C U RRE NT P RO G RAM E LE ME NTS 

There a re  seven NASA-funded Appl i ca t i  ons' Teams currently i n the program. 
Three are the ori g i  nal  B i  omedi cal Appl i cat i  ons Teams (BAT), 1 ocated a t  Ni dwest 
Kesearch Ins t i t u t e  (MRI) Research Triangle Ins t i t u t e  (RTI) and Southwest 
Research Ins t i t u t e  (SWRI)~ 
established a t  Stanford Medical School. 

A fourth Biomedical Team is currently being 

Three other Applications Teams also located a t  research in s t i t u t e s  are 
designated Technology Applications Teams (TAT) ,  since they function to  study 
pub1 i c sector problems other t h a n  biomedi cal . Thei r 1 ocati  ons are : 
Ins t i t u t e  (IITRI) , Research Triangle Ins t i t u t e  (RTI) , and Stanford Research 
Ins t i t u t e  (SRI). 

IIT Research 
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FIGURE 2. GEOGRAPHIC DISTRIBUTION OF NASA APPLICATIONS 
TEAMS 

TAT 
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TABLE 3 

PROBLEH AREAS STUDIED BY NASA APPLICATIONS TEAPlS 

TEAM LOCATION PROBLB4 AREAS 

Chicago, I1 l i  nois 

I IT Research I n s t i t u t e  Law Enforcement 

Mine Safety 

Water Pol 1 u t i  on 

I 
Midwest Research I n s t i t u t e  

Kansas C i  t y  , Missouri 

B i  omedi ci  ne 

t 

Research Triangle I n s t i t u t e  I A-ir Pol lu t ion  

Research Triangle Park, North Carolina Biornedi c i  ne 

Southwest Research I n s t i t u t e  

San Antoni 0, Texas 

- 

B i  ornedi c i  ne 

I 

Stanford Research I n s t i t u t e  

Pal o A1 t o ,  Cal i forni  a 

Transportation 

ABT Associates Inc. 1 Urban Consliructi on 

Cambridge, Massachusetts and Planning I 
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A fourth Technology Applications Team has been in s t i t u t ed  recently a t  ABT 
Associ ates , Inc. , an i nterdi sci pl i nary research and consul t i  n g  f i  rm oriented 
toward urban problem sol v i  ng act i  v i  t i e s  e 

The geographic distri b u t i  on of the Appl i cations Teams and the speci a1 
problem areas i n  which each team concentrates are  shown in Figure 2 and Table 3 .  

The Applications Engineering Center ( A E C )  i s  p a r t  of the Divis ion of 
Biomedical Engineering, Research Laboratories fo r  the Engi neeri ng Sciences 
the University o f  Virginia School o f  Engineering and Applied Science. 
group provides an adaptive engineering capabili ty in addition t o  tha t  of the 
B i  omedi cal Appl i ca t i  ons Teams. 
t o  the needs of a Problem Originator, where the Problem Originator i s  unable 
t o  adopt the technology th rough  his available resources. This recent program 
innovation was established i n  response to  a continuous need for  reengineering 
o f  aerospace techno1 ogy t o  meet nonaerospace requi rements . 

of 
T h i s  

I t s  basic function i s  t~ adapt NASA technology 

The two fo l l  owing chapters summarize recent achievements of the B i  omedi cal 
and Techno1 ogy Appl i cations Teams Program, 
significance o f  the spec i f ic  problems, the relevance and application of NASA 
technology, and the complexities involved i n  achieving such t ransfers .  

These summari es c lear ly  indicate the 
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ACCOMPLISHI4ENTS OF T H E  BIOMEDICAL 
A P P L I C A T I O N S  T E  



ACCOMPLISHMENTS OF THE BIOMEDICAL APPLICATIONS TEAMS 

TRANS FER ACT I V I TY AND A P P L I CAT I ON S EM G I N E E R I N G E F FO RTS 

The Bi omedi cal Appl i cations Teams have successful ly  completed several s ign -  

These resu l t s  demon- 

i f i can t  t ransfers  of aerospace technology d u r i n g  the period covered by this report .  
The t ransfers  were a r e su l t  of continuous cooperation between the physician, 
the aerospace engineer and s c i en t i s t s  and the team member. 
s t r a t e  and affirm the active problem-solving techno1 gy t ransfer  methodology as 
a means of  provi ding e f fec t i  ve communi ca t i  on between the d i  verse f ie lds  of medi cine 
and aerospace technology. 
effect ive channels have been established for the transmission of  information, 
ideas and technology between the physical and medical sciences. 

Furthermore, this NASA Program i 11 ustrates  t h a t  

Potenti a1 t ransfers  occur when the Bi omedi cal Rppl i cat i  ons Team has i den- 
t i f i e d  a solution tha t  the medical researcher fee ls  will  solve his problem. 
There are many inherent barr iers  t o  biomedical technoloqy t ransfer ;  the time 
required t o  achieve an actual t ransfer  -- a proven successful use of technology 
-- may vary widely. 
f i e l d  of medicine will serve t o  add to  the functional value o f  the Biomedical 
Appl i cat i  ons Team program i n  the future.  

t ransfers  NASA has undertaken appl i cations engineering or equi pmcnt loan e f f o r t s ,  
where appropriate, t o  a s s i s t  the medical researcher in  fabr icat ing,  obtaining, 
and eval uating the  transferable aerospace technology. 
biomedical c r i t e r i a  have been incorporated in to  the process of selecting projects 
t o  insure focus of t h i s  limited resource on s igni f icant  problems which meet 
specif ic  medical requirements. This section of the report  i s  intended t o  pro- 
vide a broad perspecti ve of current Program ac t i  vi t i  es , Appl i cations engi neeri ng  
projects t h a t  are nearing completion , b u t  which became potential t ransfers  
prior t o  the reporting period covered, are included. 

The overall e f fec ts  of the potential t ransfers  in the 

For problem-sol ution matches which have reached the s ta tus  of Potenti a1 

Detai led technical and 

Diagnosis of Infant Hearing Defects Aided by Improved Techniques for  
Electroencephalograms ( E E G s )  
or iginal ly  developed by fdASA's Ames Research Center t o  obtain electroencephalo- 
graphic ( E E G )  tracings from astronauts and t e s t  p i lo t s  under s t r e s s ,  has been 
adapted for evoked audiometry t o  detect  hearing defects i n  infants.  

H space helmet u t i l i  zing unique sponge electrodes, 

Thousands of  children c lass i f ied  as mentally retarded are believed to  be 
suffering __ n o t  from mental retardation, b u t  rather from hearing impairments 
which have cut them off from auditory rapport with t h e i r  environment, a means 
of intercommunication t h a t  i s  essent ia l  t o  development o f  the i n t e l l e c t .  In- 
vestigators a t  The Scott-ldhite Clinic and Hospital a t  Temple, Texas, feel t ha t  
i f  hearing defects can be detected early in infancy and appropriate remedial 
measures i n i t i a t e d ,  t h i s  can serve as prevention against many youngsters becoming 
functional retardates a 

E E G  signals would indicate vrhether or n o t  a child reacts t o  an auditory stimulus. 
Because E E G  electrodes attached t o  an i n fan t ' s  scalp by the standard method are 
often yanked off by h i m ,  means of preventing this action was needed. 

These investigators have developed i nstrumentati on whereby 
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When this problem was presented t o  members of  the Southwest Research 
Ins t i t u t e  Biomedical Applications Team they suggested use of the NASA E E G  
helmet. The Scott-lilhite investigators considered the helmet a plausible 
solution t o  the EEG electrode problem where small children are concerned. After 
bioengineers a t  the Southwest Research Ins t i t u t e  adapted the helmet for use 
by infants and delivered i t  t o  the investi gators , i t  was successfully applied, 
for i t s  intended new use. 
placement of E E G  electrodes on the in fan t ' s  scalp,  b u t  a l so  provides earphones 
fo r  the auditory signal.  
Appl i cat i  ons Team are coordinating an e f f o r t  t o  develop a refined instrument 
package, for  measuring the ch i ld ' s  response t o  the auditory signal obtained 
by means of the helmet. 

The adapted EEG helmet not only provides for improved 

Nembers of  the Southwest Research Ins t i t u t e  Biomedical 

Pi ezores i s t i  ve Semi conductor Functions As Heart Nuscle Force Transducer For 
Heart Research e An outgrowth of semi conductor technology devel oped by a NASA 
contractor i s  now being used to  measure muscle f i b e r  membrane tension for  be t te r  
understanding of the mechanisms of  the beating heart .  Lor th i s  same purpose, 
a physiologist a t  the Kansas University Nedical Center as been studying the 
mechani cal properties of membrances surrounding frog hear t  muscle. 

The physiologist wanted to  measure tension i n  the muscle fiber membrane, 
for  which he needed a miniature force transducer. 
e l  ec t r i  cal properti es and mechani cal properti es of the 35 ssue. 

This would permit study of both 

A member of the Midwest Research Insi i  tu te  Biomedical Applications Team di s- 
cussed th i s  problem with the Technology Util ization Offfcer a t  NASA's Ames 
Research Center, who furnished information on an Ames cantractor who had 
developed a similar transducer fo r  NASA. 
dKansas University physiologist, and he purchased the transducer by special order. 
I t  i s  currently being used. 

l og i s t  i s  identical  t o  t ha t  which the contractor used. 
the contractor used a miniature t r i  axi a1 accelerometer wdhi ch was attached t o  the 
teeth of subjects exposed t o  simulated large acceleratiwe forces. 

The informatiotn was relayed to  the 

The technology involved i n  the force transducer beiiing used by the physio- 
I n  space f l i g h t  research, 

The force transducer has enabled the investigator fur ther  his invest i -  
gati ons in to  the mechani sm of electrochemical st imulati  m and mechanical 
contraction of heart muscle. 

Early Detection of Arteriosclerosis by Determinatiayn of Arterial  Pressure 
Pulse Wave Shape Transit  Time. Arterial  occlusive disease (a r te r iosc le ros is )  
i s  a serious health problem in the United States;  i n  1965, 38,102 deaths  were 
at t r ibuted t o  a r t e r i a l  disease. 
techniques. A major d i f f i cu l ty  i s  tha t  i t  i s  extremely d i f f i c u l t  t o  detect  i n  
early stages before serious damage has been done. The disease often reaches 
crippling or  catastrophic proportions before i t i s  detected.  The numerous and 
severe consequences of advanced a r t e r i a l  disease frequenitly lead t o  death w i t h -  
ou t  advance warning. A researcher a t  Bowman-Gray School of bledicine expressed a 
need for means t o  detect  occlusive a r t e r i a l  diseases ear ly  enough t o  a r r e s t  
devel opinent. 

I t  can be al leviated OF corrected t h r o u g h  various 
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The a r t e r i a l  pressure i n  the a r t e r i a l  system i s  a function of distance and 
time; hence i t  has wave properties. The wave speed of the pressure pulse i s  
related t o  the e l eas t i c  modulus of the a r t e r i a l  wall. Also, wave reflections 
occurring i n  the a r t e r i a l  system perturb the pressure function. The e l a s t i c  
properties of the a r t e r i a l  wall change in  humans w i t h  age and a r t e r i a l  disease. 
The biological problem is t o  detect ,  nondestructively, changes i n  the material 
properties of the a r t e r i a l  vessel ,  early i n  the process of a r t e r i a l  disease. 
Change of the properties of the a r t e r i a l  wall are t h o u g h t  t o  be related t o  
wave speed or transit time of the a r t e r i a l  pulse. To validate the accuracy 
of this hypothesis i t  i s  necessary t o  es tabl ish the relationship between the 
extent of a r t e r i a l  disease and the wave speed or t r a n s i t  time o f  the a r t e r i a l  
pulse, An accurate means of determining wave speed or transit time will aid 
i n  the determination of this relationship,  Consequently, i t  i s  essent ia l  t o  
obtain r e l i ab le ,  accurate means of determining the wave speed and t r a n s i t  time 
of a r t e r i a l  pulses. 

The Research Triangle Ins t i t u t e  Biomedical Applications Team suggested t h a t  
an ultrasonic Doppler blood pressure measuring system developed by the Southwest 
Research Ins t i t u t e ' s  engineers fo r  NASA would be capable of making the necessary 
measurements. Although some a l te ra t ions  must be made t o  the original system they 
ar not extensive and can be made eas i ly .  
bu i  1 t a t  SerRI , wi 11 a1 1 ow the problem ori g i  n a t o r  t o  establ i sh re1 a t i  ons h i  p between 
a r t e r i a l  wall properties and t r a n s i t  time or propagation speed of the a r t e r i a l  
pulse. 

A two-channel u n i t ,  now being 

T h i s  device will be used t o  measure the a r t e r i a l  pressure pulse wave shape 
a t  two points a l o n g  an ar tery and the t r a n s i t  time required for  passage of the 
pulse from one point t o  another. 
a change in the dynamic e l a s t i c  properties of  the a r t e r i a l  wall could be 
suspected. By moving the measuring apparatus along the ar tery,  local constrictions 
could be detected. I f ,  during a series of such measurements along an a r te ry ,  
the wave shape broadened and the t r a n s i t  time increased as one progressed down- 
stream on the a r te ry ,  this might  indicate the presence of diffuse a r t e r i a l  
occlusive disease. 
I f  a phys i c i  an can detect a r t e r i  oscl eros i s in i ts  early stages, appropri a te  therapy 
can be in i t i a t ed  before i r revers ib le  damage developes . 

If  the pulse shape has changed downstream then 

Such an indication would be an invaluable diagnostic aid.  

Elethod of Controlling Rate o f  Freezing of White Cells For Leukemia Research. 
A "cold sandwi ch ,I' des i gned by NASA engi neers a t  the J e t  Propul s ion Laboratory, 
may prove useful in freezing white blood ce l l s  i n  blood banks t o  be used for  
1 eukemi a patients . 

Leukemia i s  a form o f  cancer characterized by proliferation of white blood 
ce l l s  which are formed i n  bone marrow. 
white blood ce l l s  i n  the blood and bone marrow w i t h  the use o f  drugs or radiation. 
T h i s  process can cause loss of a l l  bone marrow, inhibit ing the production of 
normal white c e l l s ,  so t h a t  a fresh supply of  white ce l l s  i s  required for  the 
pat ient .  I t  would be desirable t o  have a white cel l  "bank" or frozen storage 
f a c i l i t y  t o  provide suf f ic ien t  white ce l l s  for leukemia patients.  Currently, 

I t  i s  t reated by k i l l ing  the cancerous 
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this is  almost impossible due t o  destruction of white ce l l s  by exis t ing 
freezing and thawing procedures .where the r a t e  of  temperature chage i s 
inconstant. 
change i s  considered the solution t o  the white cel l  destruction problem. 

A method of freezing tha t  provides for  a constant r a t e  of temperature 

Researchers a t  the National Cancer Ins t i t u t e  described the problem to  members 
of the Research Triangle Ins t i t u t e  Biomedical Applications Team. 
Problem Statement was then prepared by Team memers and dis t r ibuted to  NASA 
s c i en t i s t s  and engineers associated w i t h  t h i s  f i e l d  for  t he i r  suggestions. 
group o f  engineers a t  NASA's J e t  Propuls ion  Laboratory responded with a design 
o f  a heati n g  and cooling "sandwich" which provides for  control led cooli ng.  
The NCI researchers reviewed this system and are investigating ways of having i t  
fabricated. 

A detailed 

A 

The controlled freezing unit  consists of a Teflon bladder containing the 

A temperature sensor i n  the 
white blood c e l l s ,  surrounded by heater grids,  which are in t u r n  surrounded by 
a cold tank through which l i q u i d  nitrogen flows. 
bladder would continuously monitor temperature of the bladder contents and 
transmit this information t o  modified Wheatstone Bridge c i rcu i t ry .  
turn, would control the heater grids t o  provide a constant ra te  of cooling 
by the l iquid nitrogen. 
major obstacle t o  the ava i lab i l i ty  of  white cel l  blood banks and will  lead t o  
improved care and treatment of leukemia pat ients .  

This, in 

I f  t h i s  design proves successf 7 ,  i t  will  remove a 

Automated Measurement From Coronary Angi ograms . Techno1 ogy t h a t  was 
developed a t  I.JASA's J e t  PropldTsion Laborat0r.y to  enhance transmitted television 
images'of Mars is  being applied to  techniques for measuring volume changes o f  the 
hear t ' s  pumping action. 
x-ray images of the heart a t  r ight  angles t o  each other a re  made a f t e r  inject ing 
a radio-opaque dye i n t o  the ar tery surrounding the heart. This allows measuring 
the changes in the volume o f  the heart  by measuring the dimensional changes tha t  
take place outside of the heart ,  which can be measured by observing the changes 
in positions of  the a r t e r i e s  surrounding the heart. 
maki ng these measurements i s  a 1 abori ous , manual process. Efforts are underway 
t o  automate th i s  process. The Research Triangle I n s t i t u t e  Biomedical Applications 
Team found  information on the JPL image enhancement technique a t  the NASA J e t  
Propulsion Laboratory. T h i s  information was given t o  an investigator.  Through 
a summer fellowship, he was able t o  spend considerable time a t  JPL where he 
learned the image processing procedures which he applied t o  his problem. 
since purchased equipment necessary to  more e f f i c i en t ly  analyze the angi ogram 
data.  

Under a current method fo r  measuring heart  volume, two 

T h e  existing method for 

He has 

When t h i s  technique i s  perfected, i t  will be valuable i n  determining location 
and extent of loss of  heart muscle function, I t  will aRso a i d  in determining 
effectiveness o f  surgical procedures designed t o  improve heart function by 
improving the blood supply t o  the heart. 

Improved Lens For Cancer Research. In  cancer research as i s  i n  other 
advanced medical studies the basic unit  o f  study i s  the ;human c e l l .  Fledical 
science demands f u l l e r  information on ce l lu l a r  ac t ion ,  a.md technology frequently 
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plays a v i ta l  role i n  supplying information on in t race l lu la r  components. A study 
being conducted a t  the National Cancer Ins t i t u t e  uses an opti cal microscope 
controlled by a d ig i ta l  computer i n  order t o  obtain quantitative chemical data 
on ce l l  mechanisms. 
because of l imitations of the human eye i n  detecting minute changes. The 
same system can be used t o  delineate three-dimensional architecture of the 
human t issue.  

I t  would scarcely be possible to  pursue such a study otherwise, 

This study has been underway for  some time, b u t  there has been d i f f i cu l ty  
in obtaining suf f ic ien t  l i g h t  intensi ty  w i t h  the exis t ing u n i t ,  which could be 
overcome by u s i n g  a complex e l l i p t i c a l  lens. 
t o  locate a commercial source for the needed lens. The National Bureau of  
Standards i s  will ing to  g r i n d  the lens i f  grinding specifications f o r  the complex 
surface are  available.  

The researchers have not been able 

A computer program of  the J e t  Propulsion Laboratory is  equipped to  design 
complex optical systems. This program has not designed e l l i p t i c a l  lenses, 
b u t  NASA personnel s t a t e  t ha t  the work can be done. The Fortran language 
computer program was sh ipped  from the NASA Computer Software Management Infor- 
mation Center (COSI'4IC) t o  the researcher, who i s  presently u t i l i z ing  this means 
t o  design the improved lens. 

The new e l l i p t i c a l  elns will greatly c l a r i fy  information derived from the 
human ce l l  s tudies .  The lens design i s  a c r i t i c a l  too l  of advanced technology 
t o  fur ther  cancer research. 

uanti zation of  Heart Tissue Hardness. Post mortem examinations of  various 
organ! of  the h iman  body can reveal not only the cause of death, b u t  often show 
other conditions tha t  were affecting the person a t  the time of death. Research 
a t  Tulane's School o f  I4edicine shows tha t  i n  some cases, there was unusual 
softening o f  the heart t issue i n  patients who did n o t  die of heart disease. 
cause o f  t h i s  unusual softening i s  not known9 b u t  a number of factors  are con- 
sidered s ignif icant .  For example, there i s  apparently a c r i t i c a l  time period 
between the appearance of an infarction and a def in i te  softeness in  the heart 
t issue.  
whose blood i s  temporarily cut o f f  from portions of  the heart i n  order t o  
determine changes i n  the heart t issue.  Studies are also being conducted on 
human hearts i n  autopsy examinations, t o  determine whether t h i s  s o f t  region 
can be at t r ibuted t o  any Icnown condition of the human pr ior  t o  death. 
t o  carefully characterize these s o f t  regions, a means o f  measuring softness of  
the heart t issue i s  needed. The researcher 's  use of a conventional eye tonometer 
f o r  this purpose has n o t  been successful; the resu l t s  have n o t  been reproducible. 

The 

Reasons for  this are  being studied i n  experimental work, u s i n g  r a t s  

In order 

The Research Triangle I n s t i t u t e ' s  Biomedical Applications Team made a 
computer search of  the NASA data bank fo r  information on measuring hardness of 
s o f t  materials such as sponge rubbers and p las t ics .  This search turned up 
experiments conducted a t  the I"larshal1 Space Flight Center on a variety of 
hardness tes t ing techniques. These appeared t o  be applicable t o  t h i s  problem. 
The Team vis i ted t4SFC for  discussions w i t h  program personnel and discovered t h a t  
a number o f  techniques in current use a t  MSFC were also applicable. 
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NASA personnel indicated the type of instrument t h a t  was required f o r  
this purpose. 
t o  obtain reproducible r e su l t s ,  
physician a t  Tulane's School o f  Pledicine, who purchased the  instrument re- 
commended and i ncorporated the sugges t i  ons i n his tes ti  rrg procedures. The 
experiments are  currently underway, u t i l i z ing  the NASA bechniques, and the 
resu l t s  t o  date have been successful e However, the researcher has determined 
the need for  a t e s t e r  fo r  smaller areas,  and the manufacturer has agreed 
to  fabr icate  a special instrument according to  his speciffications which will 
allow test ing of very s o f t ,  small regions. 
are  expected t o  add considerably t o  present medical knowledge. 

O f  greater importance, they out l ine the procedures necessary 
This information was then relayed t o  the 

The  resu l t s  of th i s  experiment 

Bone Densi ty Eleasurement. I_ Neoplasms such as tumors often secrete  hormones 
which--leach calcium from the bone. T h i s  can produce hypercalcemia (excessive 
calcium i n  the blood) and can produce a s i t e  i n  the leached bone tha t  i s  
vulnerable for cancerous ce l l s .  Hypercalcemia affects  approximately 20 percent 
of lung cancer patients and 40 percent of breast  cancer pat ients .  Although 
hypercalcemia can be t reated,  i t s  fundamental cause i s  not known. Present 
studies on experimental animals use x-ray absorbti on techniques t o  measure 
bone density as a means of following the progress of  demineralization. 
technique i s  not desirable for humans, since i t  requires the pa t ien t ' s  
exposure to  numerous large doses of x-ray which must be continued for long 
periods of  time. 

This 

A researcher a t  the Ochsner Foundation i s  s t u d y i n g  t h e  demi neral i zati  on 
process i n  r a t s .  
Applications Team t o  determine i f  NASA has developed any techniques for  
deterniing the decalcification of  bohe. The Team found t h a t  the Marshall Space 
Center had constructed a device for  j u s t  t h i s  purpose to  be lased i n  the 
NASA Skyl  ab program. 
the length of a bone i s  measured by this device. Since conduction velocity i s  
a function o f  material density, i t  should provide a good indication of any 
changes i n  the composition of  the bone. 
merely requires accurate p o s i t i o n i n g  of two transducers i n  good contact 
against the skin overlaying the bone being examined. 

lie requested the Research Triangle Ins t i  t u t e ' s  B i  omedi cal 

T h e  propagati on vel oci ty of  an uf tvasoni c pu l  s e  a1 ong 

T h i s  i s  a non-destructive t e s t  and  

The researcher will perform these measurements on the  rat t i b i a ,  w i t h  bone 
I t  should therefore 

I f  the technique 

dimension s imilar  t o  the phalange bones o f  the human hand. 
be possible to  extrapolate h i s  data and f i n d i n g s  t o  measuirements made on the 
phalange bones of humans i n  whom hypercalcemia i s  suspeceed. 
proves f ru i t fu l  i t  will be i m p o r t a n t  both as a diagnostic aid and t o  evaluate 
the e f f i  cacy and progress of thereapy. 

NASA Seal May Improve Llechani cal Respi rators. A Lowr 6ody Negati ve 
Pressure devi ce (LBNP)  was devel oped for  the NASA Skyl ab program. C1  i n i  cal 
adaptati on of the devi ce is  bei ng considered fo r  use i n  piduci ng the approxi mate 
1,500 polio confinements t o  Iron Lung unite.  
t o  provide a method of lung ventilation with the eff ic iency of  the tank Iron 
Lung  uni t ,  and the mobility of the less  effect ive chest shell u n i t .  
the best ventilation and achieve efficiency and mobility. a neck-to-hips en- 
closure would have t o  be constructed. 

Adaptive emgineeri ng  i s  required 

To provide 
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Such a respirator  must have an adequate seal fo r  low negative pressures 
(which i s  available i n  the LBNP) ,  and f l e x i b i l i t y  so tha t  the pat ient  can s i t  
up as well as l i e  down. A negative pressure of from 0 - 40 cm of water is  
required a t  a b rea th ing  ra te  of about 15 - 20 times per minute t o  achieve an 
exchange of a i r  in the lung o f  about one l i t e r  per breath. The Lower Body 
Negative Pressure device can be made t o  conform t o  the h i p  requirements and the 
necessary technology i s  avai lable a t  the Manned Space F l i g h t  Center. Infor- 
mation on the device was made available t o  the investigators by the Research 
Tri angl e Insti tu te  Biomcdi cal Appl i cations Team. 
cooperati on between NASA Center personnel and the Oschner Foundation wi 11 soon 
be i ni t i  ated. 

Appl i ca t i  ons engi neeri ng 

Ul t raniniature  ___--- Cardiac Hanoneter Serves as  Blood Pressure Detector. 
miniature diaphragm type capacitance pressure transducer t h a t  can be mounted 
on the end of a cardiac catheter i s  being prepared for  commercial production. 
I t s  sriia1.i s-ize, sensi t - ivi ty ,  and l inear i ty  represent a s ta te-of- the-ar t  
advance in the measurement of intravascular and intracardiac blood pressure 
waveforms, and in the detection of h i g h  frequency heart  and valve sounds. 
These pressure transducers were ori g i  nal ly  developed a t  NASA's Ames Research 
Center for use in w i n d  tunnels as pressure survey probes and for  the telemetry 
o f  pressure data from small f ree-f l ight  models. 

A 

Models of  the transducer intended f o r  medical applications have been 
fa.bricated with diameters of 1.4 rrsn, 1 .2  m, and 1.0 m. Mounted on the t i p  
of  100 cm catheters ,  the pressure transducer may be introduced in to  an ar tery 
or vein through a standard 17-gage thin-wall needle (ID=l,l m), a s ize  routinely 
used for  humans. 
percutaneously through a needle. 
use f lu id  f i l l e d  catheters for measuring ventricular hear t  pressures and those 
procedures which require cutdowns on a r t e r i e s  f o r  the inser t ion of the catheter.  
Lleasurement techniques currently i n  wide use employ a fluiid-fi l l ed  catheter t o  
transmit internal pressures t o  external transducers. Those are subject t o  
dis tor t ion and error  introduced by the long f lu id  column hrough which the 
pressure pulse must propagate before being measured. T h e  improved device will  
allow physicians to  obtain a more accurate indication o f  the  intracardiac 
pressure while reducing r i sk  t o  the p a t i e n t .  

The pressure probe-tipped catheter can be easi ly  inserted 
I t  wi 11 probably rep1 ace techniques whi ch 

Because of i t s  small s i z e ,  the device can be inser ted in small a r t e r i e s ,  
veins 
i s t i c s .  This i s  an important consideration in measuring many biophysical 
parameters. 

and secretory ducts wi thou t  greatly disturbing t h e 3  r f lu id  flow character- 

L i q u i d  Flowmeter for  Use i n  Kidney Research, A 1iqu;iid flowmeter, developed 
by a NASA contractor may be used to  measure u r x e  flow in1 the human ureter.  

To understand kidney diseases requi res an improved understanding of the 
to ta l  urological system, In the urological system, the important ureter serves 
as the tubes that  connect each kidney t o  the bladder. Urine flow measurements 
in  the ure te rg  t o  obtain fur ther  understandinq o f  urethra3 physiolouy, are 
the subject o f  a research study a t  the Washington University. An existing 
technique fo r  rreasuri n g  f1 ow in the ureter requi res col1 e c t i  ng urine samples 
a t  def in i te  times to  calculate average flow ra tes .  
Mashington University needed a technique for  measuring i nrstantaneous rates of 
urine flow i n  the ureter.  

Inves,tiqators a t  the 
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After a Problem Statement was submitted to  a l l  NASA f i e l d  centers,  the 
Research Triangle Ins t i t u t e  Biomedical Applications Team learned of a NASA 
contractor who was working on a l iquid flowmeter u t i l i z ing  the h o t  thermistor 
approach. 
currently arranging for fabrication of  t h i s  flowmeter. 

The NASA contractor and the Washington University investigators are  

Biosatel l i te  Animal Restraint Device to  be Used i n  Arteriosclerosis 
Research. The primate res t ra in ts  device used in the NASA Biosa te l l i t e  Program 
i s  being studied for use i n  res t ra ining primates who have been given t e s t  drugs 
t o  reduce or eliminate the ef fec ts  of a r te r iosc le ros is  and other a r t e r i a l  
diseases. 

Arteri osc7 eros is  .i s characteri zed by the bui 1 dup G$ extraneous materi a1 
w i t h i n  the a r t e r i a l  system. T h i s  causes a reduction i n  the diameter of the 
ar tery t h u s  reducing the amount of oxygenated blood being delivered t o  the 
body t issues .  To regulate this  reduction of blood flow t o  t i s sue ,  drugs have 
been used t o  d i l a t e  or expand the a r t e r i e s  in order t o  compensate fo r  buildup 
o f  material on the a r t e r i a l  wall. 

A great deal i s  not ye t  understood about the mechamisms and effects  of the 
Investigators a t  the Bowman Gray School of Medicine of Wake 

The research program has 

Since instruments will be used on the 

vasodilator durgs .  
Forest Uni versi ty have begun an extensi ve program t o  compi 1 e more i nformati on 
on these drugs and thus t o  permit more effect ive use. 
progressed to  the point of determining the e f fec ts  of various vasodilators 
on monkeys for  periods up t o  six months. 
monkeys t o  measure blood flow, blood pressure, temperatuire, and electrocardi o- 
grams 
from ac t iv i t i e s  that  would impair or  damage the instrumentation. 

Tri angle Ins t i tu te  Biomedical Appl i cations Team then contacted the researchers 
a t  NASA's AJXS Research Center who developed the primate r e s t r a in t s  devices fo r  
the Bi osatel l  i t e  Program. 
were provided to  the Bowman Gray researchers, who are evaluating the Ames device 
and considering means of fabrication. 

the Bowman Gray investigators need a mans of r e s t r a i  n i n g  the animals 

The problem was discussed w i t h  the Eowman Gray investigators.  The Research 

Detai led plans and advi ce on the r e s t r a in t  device 

Detection of Eye Tumors by Use of Radiation Probes, There i s  a problem in 
detecting concentrations of weak beta radiation from an isotope administered 
t o  patients when an eye tumor i s  suspected. 
by the tumor ce l l s .  I t  i s  necessary to  d i f f e ren t i a t e  betueen d i f fe ren t  levels 
of radiated energy t o  detect  tumors which are hidden from di rec t  observations, 
or are in such an early stage of development tha t  they can not be detected 
by ny other means. A mea suring technique being used requires insertion of a 
dimt-sized Geiger counter probe between the eyeball and the eye socket. 
probe i s  b o t h  excessively large and insuff ic ient ly  directional t o  be optimally 
sens i t ive ,  and cannot adequately determine the s ize  of the tumor. Thus there 
i s  some danger t h a t  i t s  inaccuracy will engender removal o f  an eye t h a t  could 
be saved. 
small t o  p u t  in a slender probe; i t  can be inserted eas i ly  into the area behind 

The isotope i s  select ively absorbed 

The 

A semiconductor radiation probe developed by NASA is  suf f ic ien t ly  
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the eye w i t h  minimum trauma. 
amnabl e t o  recording equipment and provi des a real i st i  c measurement of the 
spat ia l  and energy dis t r ibut ions of beta radiation. I t  i s  highly sensi t ive.  
From the data gathered from many locations,  the differences i n  isotope concen- 
t ra t ion  can then be used to  identify and outl ine the area of increased isotope 
uptake by suspected tumor c e l l s ,  i f  they are present. 

The probe has a signal-to-noise r a t i o  t h a t  i s  

This information will be v i ta l  t o  diagnosis and therapy o f  the eye. More 
accurate determination of the dis t r ibut ion of the isotope ty the cl inician will  
make his disgnosis more accurate. This will reduce the present h i g h  percentage 
o f  f a l se  positive-tumor diagnosis, which i n  turn erroneously causes removal of 
the eye, The Southwest Research Ins t i t u t e  Biomedical Applications Team i s  
in s t a l l i ng  the radiation detector in a specially desigrred probe. 
desi gn i  n g  an instrumentation package to  connect this device t o  vari ous d i  splay 
and analysis systems. 

I t  i s  also 

Pressure Sensitive Device for  Use i n  Tongue Operated Control Systems for  
Assist Devices and Wheelchairs, --- 
fa ta l  
Improved pat ient  care has increased the number of patients who survive severe 
paralysis.  Such patients are greatly limited functionally, hence dependent 
on society.  Dependency relates  i n  par t  t o  the extent of d i sab i l i t y ,  and to  
technological devices and methdol ogy t o  develop self-sufficiency. Total care 
for  paralyt ical ly  disabled patients i s  very expensive. 
Rancho Los Ami gos Hospital devel oped h i g h  speci a1 i zat i  on and competence for  
for  innovating a great variety of  orthopedic methodologies and devices. They 
are working kwi t h  neuromuscular patients severely disabled and amputee patients 
w i t h  the same requi rements for  care. The development of self-sufficiency for 
mobility i s  a major i n t e re s t .  
and self-sufficiency. 
e f f i  ciency o f  e lec t r i  c motors w i t h  various switches and attachments where 
required. A wheelchair can now be operated forward or backward, can turn, and 
go up and down inclines or s t a i r s  by means o f  added devices. The researchers 
are attempting t o  ref ine control and operation so  t h a t  the wheelchair can be 
used by paralyzed or amputee pat ients  whose use of muscles i s  limited t o  those 
of  the eyes, m o u t h ,  and head. 
control systems for  external ly-powered or thot ic  devices. Extra-oral , tongue- 
operated swi tcii controls provide sequenti a1 off-on control of the orthesis $ 

and show promise as a means of providing control e The Problem Originator 
requested assistance from BATeam personnel for technology adaptable t o  i ncorp- 
oration i n  a r e l i ab le ,  sa l iva- res i s tan t  switch t h a t  i s  small enough t o  f i t  the 
lingual area of the mandible, and sensi t ive t o  tongue pressure operation. The 
BATeam ident i f ied a sui table  device through a NASA Tech Brief. 
insulated-gate f i e ld  e f f ec t  t r ans i s to r ,  which can perform s t r a i n  sensing and 
amplification functions i n  one hermetically sealed, integral package. The Problem 
Ooriginator plans t o  incorporate the device i n t o  a switching uni t  which will  
vastly improve on the the control devices currently i n  use. I t  wi l l  permit 
the chair  operator t o  achieve control led gradual accelerations (and decelerations) 
a f ea t  not possible with current on-off control systems. 

Severe neuromuscular d i s a h i l i  t i e s  are frequently 
b u t  survivors are often faced w i t h  the prospect of being bedridden. 

Researchers a t  the 

The wheelchair can be equipped t o  provide mobility 
The basic wheelchair has been modified t o  add the 

Considerable progress has been made i n  developing 

The device i s  an 
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Beta Radiation Catheter Probe. There is  a need f o r  a technique t o  con- 
tinuously monitor the cerebral blood flow o f  head injury pat ients  over an 
extended period of time. Present techniques require inhalation o f  a radioisotope 
and the withdrawal of many blood samples fo r  analysis t o  determine arterio-venous 
concentrations of the isotope, 
t o  determi ne therapy effectiveness. 
and requires cumbersome equipment which must be maintained i n  a s t e r i l e  
condition and i t  provides few data points f o r  assessing t h e  blood f l o w ,  y e t  
conti nuous determi nati ons over extended ti me peri ods are needed t o  provi de 
optimum analytic effectiveness. A semiconductor radiation probe capable of 
continuously monitoring blood flow by detection of weak be ta  radiation from 
the isotope was developed by NASA. 
catheter ,  making i t  easy to  in se r t  a t  the proper point i n  the blood stream. 
The probe has a low s igna l - to-noise  r a t i o  and provides good measurement of the 
spa t ia l  and energy dis t r ibut ions of radiated electrons and protons.  
of this probe will enable the physician t o  continuously obtain data.  
catheter-mounted probe would be placed in the carotid a r te ry  t o  monitor the 
isotope concentration in the blood being supplied t o  the cerebral area. ( A  
lumen located near the t i p  of the radiation probe would allow one blood sample 
t o  be taken for  blood gas analysis) .  
appropriate lumen would be placed i n  the jugular vein to  get  a s imilar  measure- 
ment on blood flowing from the cerebral area. 
these two points the cerebral blood flow i s  easi ly  determined; the blood flow 
data are indications o f  the extent of head in ju r i e s ,  progress towards recovery 
and the effectiveness of therapy. 
sui table catheters by the Southwest Research Ins t i t u t e  BATearn who will a lso provide 
the investigator with the necessary electronic  devices. 
be treated in several animals before being given to  the physician for  c l inical  
tri a1 and eval uati on. 

Monitoring of cerebral blood flow i s  necessary 
T h i s  technique produces pat ient  di scomfort 

I t  can be mounted i n  a small double lumen 

The use 
One 

A second catheter-mounted probe w i t h  

From the data collected a t  

The  radiation probes a re  being mounted in 

The system will  then 

T i d a l  Volume tleasurements i n  Respiration Studies Improved By Venturi Transducer. 
Studies for defi ni t i  on and diagnosis of  emphysema and other respi ratory di seases 
require quantitative information on t ida l  volume (volume o f  a i r  inhaled and 
exhaled) i n  conjunction w i t h  other physiological paramters. 
the medical researcher exercises his subjects while attempting t o  measure the i r  
t ida l  volume w i t h  a high-resistance transducer (pneumotachograph). The combined 
ef fec ts  of the condition of the patients and a h i  gh-resistance tranducer dras- 
t i ca l  ly i ncreased the respi ration work 1 oad so t h a t  experiments were terminated. 
The invest igator 's  overall goal was t o  acquire a resistance-free instrument 
t h a t  would automatically measure t ida l  volume. 
develop a resistance-free airflow transducer t h a t  would enable h i m  t o  continue 
h i s  research. 

In his investigations 

His immediate goal was t o  

The Southwest Research Ins t i t u t e  Biomedi cal Appl i c a t i  ons Team provided a 
This solution for  both problems based on an a r t i c l e  from the RASA Data Bank. 

paper, en t i t l ed  "Tidal Volume Air Pleasurement,'' describes a n  automatic monitor 
which incorporates a small s ta in less  s tee l  venturi transducer t ha t  i s  obstruction 
free.  
operated. 
increase i t s  dinlensions for human use, and incorporate a skin d ive r ' s  snorkle 
mouthpiece. 
paper retrieved from the NASA Data Bank, 

I t  provides a solution t o  the a i r  resistance problem and i t  i s  automatically 
The researcher plans t o  fabr icate  a prototype venturi from glass,  

The venturi assembly will  be used and cal ibrated as descirbed i n  the 
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Interfacing Bi ochemi cal Autoanalyzers wi t h  a Computer. The Problem 
Ori s i  n a t o r  wishes to  interface several b i  ochemi cal autoanal vzers used i n the 
PatGology Department of S t .  Joseph's Hospital w i t h  computers t o  increase the 
efficiency o f  specimen analyses. T h i s  would help achieve cost savings for 
1 aboratory servi ces which coul d ul t i  mately be passed a1 ong t o  the pati ent. 
After defining the problem, the BATeam investigated the computerized diagnostic 
faci 1 i t i  es a t  the NASA Manned Spacecraft Center (NSC) , and found tha t  much 
of the required technology and computer programs were available.  
were made fo r  the Problem Originator t o  attend a seminar a t  MSC given by Dr. 
E . C .  floseley concerning the center ' s  Medical Information Computer Systems(MEDATA) e 

Arrangements were a l so  made for the Problem Originator t o  meet w i t h  Dr. Craig 
Fischer, head of the I'ISC Medical D i  r ec tora te ' s  cl i ni cal 7 aboratory. As the 
i-esult of  these m2etinys, the Problem Originator was confident t ha t  i f  he could 
obtain the computer programs and related data,  he would be able t o  adapt them 
fo r  use a t  S t .  Joseph's Hospi"ta1. 

Arrangements 

Working through the PlSC Technology Util ization Off icer ,  the Southwest 
Research BATeam arranged t o  obtain ( 1 )  a l i s t i n g  and magnetic tape containing 
a l l  MEDATA-related programs now i n  operation a t  MSC, ( 2 )  technical documentation 
of these programs, and ( 3 )  a document describing the overall system. These 
have been transmitted t o  the Problem Originator for use i n  adapting his 
l e s s  sophisticated computer system. 
resolve will help to  shorten the time ordinarily required t o  adapt the complex 
programs. 

The Problem Originator 's  enthusiasm and 

Informati on Retrieval System for  Cl i n i  cal Records. :A southwestern medical 
faci 1 i t y  havi n q  80,000 annual admi ss-ions needed a means of r e t r i  evinq i nformati on 
from iG  bank of one half million records. 
access t o  i nformati on which would determi ne effects  of speci f i  c medi cal treatments, 
enhance disease preventi on ,  and identify trends i n medi czal treatments. The 
ideal systetn would permit patient record updating as pat3ents return for  t rea t -  
ment. Ultimately, i t  was desirable t o  perfect  computer analysis techniques 
for providing guidance in treatment of unusual diseases. The hospital had 
sophisticated data processing equipment b u t  lacked computer programs t o  accom- 
plish the desired tasks. 

The hospital par t icular ly  desired 

The Southwest Research Ins t i t u t e  BATeam arranged a br ief ing fo r  hospital 
personnel a t  the NASA Planned Spacecraft Center lledi cal Research and Operations 
Directorate. NASA had ori gi nal ly developed several computer programs for  the 
storage of  aerospace medical data and data on the medical history of a l l  
of the astronauts. These program allow for  the storage of  medical records in 
a form sui table  for re t r ieval  of medical data'according ?to specification and 
for  updating of the medical data bank. Arrangements weye made fo r  the hospital 
t o  recei ve program docutnentati on enabling the tes t ing  a n d  eval uati on of the 
programs for  use in t h e i r  system. 

bleasurement of  Surgi cal Suite Contamination --- e An i mstrument modi f i  ed by a 
NASA contractor for use in monTtorinq ai rborne contanii n a t i  on i n rooms where 
spacecraft components are fabricated-is now being evaluated for simi l a r  use in 
hospital operating rooms e 
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A clean room system i s  being ins ta l led  i n  an open-heart surgery operating 
room a t  the ltIashington Uni versi ty Iledi cal School Hospital. Instrumentati on was 
required to  monitor airborne par t iculate  matter in the operating room t o  deter-  
mine the clean room system's effectiveness. 
problem, the Itidwest Research Ins t i tu te  Biomedical Applications Team searched 
the NASA Aerospace Data Bank and found a potential s o l u t i o n .  
aerosol par t ic le  counter, modified by the IIT Research Institute under contract 
t o  the Narsliall Space F l i g h t  Centers for  use i n  the Goddard Space Flight Center 
Manufacturing Engineering Laboratory. This instrument was found t o  be an 
acceptable means of  measuring airborne contamination. 11; provides a continuous 
readout o f  contamination levels ,  enabling variations i n  contamination to  be 
correlated w i t h  events occurring i n  the operating room. 

After def ini t ion of the physician's 

This was an automatic 

'Tel'emetry System Permits Dentists t o  Pleasure Tooth Pressures, A miniature 
te1emetr.y sys-tern, developed a t  Ames Research Center, will assist dental researchers - -  
i n  their evaluation of t o o t h  s t r e s s  under chewing conditions. 

The University of Iowa School of  Dentistry has been conducting research on 
the determination and measurement of s t r e s s  t o  teeth.  Damage and perhaps 
eventual loss of teeth may occur foloicing corrective dental work unless pressure 
points are detected and adjustments made to  prevent permanent tooth damage. 
Measurements obtained by this  telemetry system will  be useful for  s t r e s s  deter- 
mination in natural teeth t h a t  have corrective dental wrk and will  a l so  f ac i l -  
i t a t e  adjustments o f  orthodontic devices a 

Used w i t h  a commercial tranducer, the telemetry u n i t  meets the necessary 
dent is t ry  requirements : 
can operate for  a t  l e a s t  two hours w i t h o u t  battery recharge, and can be b u i l t  
t o  f i t  under the tongue. The demodulator needed t o  process the telemetry unit 's  
signal was b u i l t  by the same researcher a f t e r  he obtained a detailed description 
of appropri  a te  NASA-devel oped ci rcui t r y .  
by the Midwest Research Ins t i  tu te  Bi omdi cal Appl i cat i  ons Team through a 
search of  IJASA Techni cal Reports and a review of supplemental i nformati on. 

i t  i s  self-contained, has an i nternal power supply, 

Both  pieces o f  equipment were located 

Clef t  Palate Airflow Monitor. The determination of the severi ty  of  the 

This a i r  
c l e f t  palate and the e f fec ts  of corrective surgery can b e  evaluated by measuring 
the amount of a i r  passing t h r o u g h  the nasal opening dur img  speech. 
flow parameter has been measured, b u t  the equipment used i s  generally expensive 
and requires the use of a mask over the pa t i en t ' s  nose. 

The NASA respiration monitor,  as  described in NASA Tech Brief B68-10438 
and supplemental information will be useful f o r  gross measurements t o  estimate 
the amount o f  a i r  flowing out the nasal openings. A duplicate  model of the 
NASA respiration monitor was constructed and forwarded ID an investigator a t  
the University of Ninnesota Dental School for  his use. The monitor, in i t s  
ori gi nal confi gurati on w-i 11 not measure a i r  vol me d i r e c t l y  b u t  the i nvesti gator 
fee ls  t h a t  i t  will be useful as a supplemental measuring device for preliminary 
investigations.  



Remote Patient Honitoring Technology Aid  i n  Rural Medical Program 
Feasi b l i  ty Study. 
developed to  monitor  physiological processes of astronauts i n  space f l i g h t ,  are 
being used i n  a feas ib l i ty  study of remote pat ient  diagnosis and care for  rural 
areas. 

NASA reports describing instrumentation technology, or iginal ly  

Investi gators a t  the University o f  blinnesota have undertaken a feasi bi 1 i ty 
study t o  determ-i ne avai 1 able techno1 ogy capable of providing rural ci t i  zens 
the benefits o f  a regional medical program without requiring them t o  travel 
t o  a central cl i ni c. 
computer technology, closed c i r cu i t  te levis ion,  remote physiological monitoring 
systems and other s imilar  technology. 

These i nves t i  gators are exami n i  ng  the appl i cabi 1 i ty of 

Reports o f  19 major technological advances in physiological monitoring 
developed for  NASA's space e f f o r t  were located by the Midwest Research Ins t i t u t e  
Biomedical Applications Team i n  a NASA data bank search. 
are  relevant t o  this problem. 
by the Minnesota investigators show remote pat ient  diagnosis and care approach 
t o  be feas ib le ,  t he i r  program will enter the demonstration phase. 

Charging Systems To Prolong Life O f  Nickel-Cadmium Batteries Used I n  
Prosthetic Devices, !aASA conducted research and development t o  design e f f i c i en t  
bat ter ies  fo r  pawering space-borne systems. The fruits of these e f fo r t s  are  
being used i n  development o f  a motorized prosthetic device, 
the University of  Ninnesota's Department of Rehabilitation and Physical Medicine 
have developed a prosthetic device which i s  attached t o  a pa t i en t ' s  crippled 
arm. 
enabiing the patient t o  close the fingers w i t h  force suffi 'cient t o  grasp 
objects . Excessive di scharge of the cel l  s pol ar i  t y  reversal , and a d i  nii n i  shi ng 
of cel l  charge capacity were problems encountered w i t h  t h e  nickel -cadmi urn 
bat ter ies  used t o  power the motor and related c i rcu i t ry .  
help to  overcome these problems in  the nickel-cadmium ba t t e r i e s  and prolong t h e i r  
l i f e .  

These developments 
I f  these developments and other technology located 

Investigators a t  

An e l e c t r i c  motor supplies powilr t o  the device's f-P'wyer s u p p o r t  members, 

The investigators needed 

An extensive NASA document on space ba t te r ies  was obtained by the flidwest 
Research Ins t i t u t e  Biomedical Appl i cations Team, 
gators who are  us ing  the information to  improve the i r  a b i l i t y  t o  use nickel-cadmium 
bat ter ies  . 

I t  was iprovi ded t o  the i nvesti - 

rleasurement of B a t t e r - r a i  n from Powered Prosthet ic  Device ' An e l ec t r i ca l ly  
powered hand prosthetic device was bu i l t  a t  the Universii2y of  Ninnesota. The 
devi ce uses rechargeable bat ter i  es a s  a power 'source. 
i s  determined t o  a large extent by the amount o f  work t h a t  i s  done. 
important t o  protect the rechargeable (ni ckel -cadmi urn) bat te r ies  t o  prevent 
damage and short  l i f e  due t o  over-discharge. A NASA document t i t l e d  "blercury 
Electrochemical Coulometer As a Battery State-of-Charge Lrndi cator" describes the 
use of mercury electrochemi cal coulometers t o  measure the condi ton o f  secondary 
rechargeable c e l l s .  This type of  coulometer i s  being in s t a l l ed  i n  one of the 
powered hands.  I t  will provide an indication o f  the poneir ce l l s  condition 
based on the amount of  current taken from them. 

Thtie battery power drain 
I t  i s  
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Aerospace Valve For Urinary. Control .  Certain in jur ies  and diseases cause 
the loss  of voluntary control of the urinary function. I n  addition t o  obvious 
social and hygenic implications, the inabi l j ty  t o  control urine flow can r e su l t  
i n  kidney t i s sue  deter iorat ion,  infect ion,  and it1 some cases, kidney damage 
and death. Attempts t o  overcome this condition, by using e lec t r ica l  stimulation 
of tlie f lowcontrol l ing muscles have not been wholly successful because of i n -  
suf f ic ien t  muscle response and painful bladder pressure. 

A medical researcher t reat ing paraplegics found t h a t  there was a need for  
a simple, re l iab le ,  and t o t a l ly  implantable urethral valve which could be eas i ly  
controlled by the patient.  
t o  one used i n  manoi~ter  tubes m i g h t  solve the problem. This valve has been 
included i n  the design o f  an implantable control system. This system will enable 
the pati'etit t o  mechanically control u r ina t ion  by applying pressure t o  a small 
a i r - f i l l e d  bulb located under the skin. Bio-compatible materials such as s i l a s t i c  
normally used for  long-term implatits were unsuitable as they react  adversely t o  
continuous exposure to  urine, A material has been found by the NASA Applications 
Engineering Project and preliminary t e s t s  indicate i t  is bio-compatible and 
capable of wi ths t and ing  constant exposure to  urine. 
i n  fabricating t u b i n g  and bulbs o u t  of the material b u t  these techniques have 
been mastered. Five prototype urinary control systems have been fabricated.  

A NASA engineer suggested t h a t  a valve s imilar  

Di f f icu l t ies  were encountered 

These prototypes will be implanted i n  dogs to  determine i f  there are any 
unfavorable 1 ong-term interactions between body t i ssue ,  the t u b i n g  and valve 
material and urine. 
inexpensive t o  manufacture and could benefit  as many as 55,000 pat ients  per 
year.  

I f  tlie prototypes prove sa t i s f ac to ry ,  the design would be 

Improved Photographic Emulsion To Be Used In Cancer Research. A n  improved 
photographic emulsion, being studied a t  PlASA'smdard Space mht Center, i s  
now being prepared for  use in  detection o f  radioactive cancer c e l l s .  The study 
of cancer in experimental animals can be f ac i l i t a t ed  by labeling the tumor ce l l s  
w i t h  radioactive tr i t ium. The tritium attaches i t s e l f  to the DNA molecule 
and the d i v i s i o n  of  the tumor ce l l  produces new labeled cellse A process, 
called autoradiography is  used t o  detect  a radioactive c e l l ;  a f i lm sheet of 
photographic emulsion i s  placed over the ce l l  and exposed by the radioact ivi ty .  
E x i s t i n g  emulsions require an exposure of a month or mort  of exposure time. 
Investigators o f  the National Cancer Ins t i t u t e  (NCI) need a f a s t e r  h i g h  reso- 
lution film so t h a t  the autoradiography technique can be used c l in ica l ly  t o  
eval uate the progress of cancer i n  humans. 

The Research Triangle Ins t i t u t e  B i  omedi cal Appl i catilons Team placed the 
NCI investigators i n  contact with a s c i e n t i s t  a t  the Goddard Space.Flight 
Center who i s  preparing an improved emulsion fo r  tes t ing a t  the EICI. 

Non-Invasi ve Conti nuous Noni t o r  Detects Onset of Shack ,  Leukerni a i s a 
disease characterized by a sel  f-perpetuati n q  pro7 i fe ra t i  o r o f  white blood 
cell-forming t issue.  
toward finding the causes and cures of leukemia. 
program i s  concerned with early detection of shock. 

An extensive NationalvCancer I n s t i t u t e  program i s  directed 
The c l in i ca l  phase o f  this 

Shodk, defined as the sudden 
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reduction i n  the volume of c i rculat ing blood, frequently resul ts  from 
hemorrhage, infection, as well as other causes. 
ear ly ,  the damage i s  i r revers ib le  and rapidly becomes f a t a l  T h u s  a need 
ex is t s  fo r  an accurate indicator of  the onset o f  shock so  tha t  corrective 
measures can be taken i n  time. 

I f  i t  i s  not recognized 

An important measure of the onset of shock i s  reduction o f  blood pressure. 
The usual means of measuring blood pressure i s  by placing a cuff around the arm 
which i s  then inf la ted t o  higher t h a n  maximum blood pressure and slowly reduced. 
This method i s  quite inadequate for continuously measurjng blood pressure i f  a 
pat ient  i s  c r i t i c a l l y  i l l ,  since i t  disturbs h i m .  

A device for measuring re la t ive  blood oxygen content has been ident i f ied,  
the ear  oximeter, which permits detecting the onset of shock without disturbing 
the patient.  
program; i t  f i t s  the ear similarly t o  a hearing aid.  
reductions i n  blood pressure, oxygen content o f  the blood, and peripheral 
c i rculat ion.  
a small electronics package which can be placed a t  the pa t i en t ' s  bedside. The 
absorption o f  infrared radiation by the blood is  d i r ec t ly  related t o  oxygen 
content of the blood. The onset of shock i s  accompained by a reduction in the 
amount o f  blood and the oxygen content of the blood flowinu through the earlobe. 
Change in  the infrared absorption i s  detected and causes the device t o  s e t  off 
an alarm t h a t  warns medical personnel t o  t ake  corrective actions.  

The ear oximeter was developed for use i n  the early astronaut 
Shock i s  evidenced by 

The device i s  comprised o f  a small sensor mounted i n  the ea r ,  and 

The Ames Research Center has loaned the oximeter t o  the National Cancer 
Ins t j t u t e  where cl inical  t e s t s  are  underway t o  evaluate the uni t .  
evaluation i s  successful , the uni t  wi 11 provide improved monitor ing for 
leukemia pat ients .  

To ease breathing in infantss,  comatose children, or 
adult  pat ients ,  surgical implantation o f  a tracheotomy tube i n  the windpipe i s  
sometime required. 
or death can resu l t  withl'n 2 t o  4 minutes. 
a nurse constantly to  check the tube and take immediate corrective action 
i f necessary. Integrated c i rcu i t ry  designed and fabri eated for aerospace 
use by fIASA's Ames Research Center, has been incorporated in a small device to  
monitor the temperature of  air passing t h r o u g h  the t u b e ,  and t o  actuate an 
audible/visible alarm w i t h i n  10 seconds of any change. 
o r  heard a t  a nurse 's  s t a t ion ,  o r  in another room i f  the patient i s  a t  home. 

The breathing moni tor i s  based on an automatic a i r  survei 11 ance system 
tha t  was developed by FllASA sc i en t i s t s .  
m i  t t e r  which i s  attached d i rec t ly  t o  the tracheotomy tube so tha t  the inspired 
and expired a i r  flows d i rec t ly  over a thermistor temperature sensor. 
the airflow temperature produce changes i n  the sensor res is tance,  
receiver records the respiration s i g n a l  which in t u r n  t r iggers  the alarm system 
i f  reuired. 
an electronic  switch. 

I f  the 

Breathing Monitor. 

I f  the tube  i s  clogged and cuts off breathing, brain damage 
Use of the tube ordinarily requires 

The alarm can be seen 

I t  has a temperature sensor/FM trans- 

Changes i n  

The voltage changes caused by respiration a r e  amplified and actuate 

An FP1 

The switch provides a reset  pulse for  each respiratory 

-57- 



cycle tha t  is  o f  suf f ic ien t  length, which i s  determined by se t t ing  the 
amplifier gain control. 
as the timing element of  the alarm control.  
a rese t  pulse for  a preselected time (a rb i t r a r i l y  chosen as 10 seconds), an 
alarm control actuates an audi ble/visual alarm. 

The rese t  pulse discharges the capacitor which serves 
I f  the capacitor does n o t  receive 

The device fabricated a t  NASA's Ames Research Center i s  on loan t o  the 
Ins t i t u t e  for Rehabilitative Medicine i n  New York f o r  cla'nical evaluation. 

Tunnel Diode Transducer Used as a Biomedjcal Sensor. .- The human body i s  
dependent on several f lu id  t r anspor t  systems fo r  moving nut r ien ts ,  wastes 
enzymes and hormones from one p a r t  of the body t o  another. 
excessiye pressure w i t h i n  one o f  the f lu id  transport  systems can r e s u l t  i n  
various pathological conditions. Diagnosis and determination of proper therapy 
could be improved i f  a small pressure transducer ( l e s s  than 1 nm. diameter) 
w i t h  proper s ens i t i v i ty  and range could be inserted in to  the numerous small ducts 
t h a t  make u p  the various f lu id  transport  systems. 
valuable i n  assessing the condition of  the circulatory (blood), cerebrospinal, 
lymphatic, and urinary systems. 

gases, 
Blockage or 

Such a transducer would be 

Research and development a t  NASA's Electronics Research Center developed a 
sui t ab1  e pressure sensor. New semi conductor fabr icat ion techniques were u t i l i zed  
for  a transducer w i t h  resolution of greater t h a n  0.1 mm Wg w i t h  an overall diameter 
of l e s s  than 1 mm. and low power requirements, which has been designed, fabricated 
and tes ted.  Since the NASA Electronics Research Center was closed l a s t  June, the 
researcher has formed his own company and i s  preparing to make t h i s  device 
comerci a1 ly  avai 1 able. 
concerned with measurement requirements. 
i s  f l a t  t o  greater t h a n  4,000 hz.  
catheter i ntracardi ac sounds and pressures can be detected p rov idng  valuable 
data in assessing vascular and valvular dysfunction. 

This devi ce wi 11 greatly aid many i nvesti gators 
The frequency response o f  t h i s  device 

When i t  is  mounted ad the t i p  of  a cardiac 

The device will be useful in c l in ica l  diagnosis, momitoring, and animal 
research. 
spinal f luid pressure and the pressure w i t h i n  the ure te rs ,  which are  the thin 
tubes t h a t  carry urine from the kidneys t o  the bladder. 

In  programs underway, t h i s  pressure transducetr will be used t o  measure 

CJriqht; Spi rometer To Ai d Surgi  cal Anesthesia Noni tmri ng . The Wri g h t  Spi  ro- 
meter modified bv llASA to  measure the resDiration rate at id  volume i n  t e s t  p i l o t s ,  
shows potential application to  monitoring' respiration o f  surgical patients '  under- 
anesthesia. 

An anesthesiologist  a t  the Kansas University t4edical Center noted the 
problem o f  continuously observing the respiration s t a t e  (o f  an anestheti zed pat ient .  
The anes thesiol ogi s t  saw a need to  accurately nioni tor thie breath-by-breath 
respiration volume and flow ra te  of patients undergoing surgeryg fo r  an instant  
indication o f  t he i r  well-being and for  a permanent record on the pat ient .  
modi f i  ed Wri g h t  Spi ronieter devel oped by a contractor to NASA's F1 i g h t  Research 
Center, was ident i f ied and suggested to  the invest igator  by the Midwest Research 
Ins t i t u t e  Eiomedical Applications Team. 

The 
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Preliminary t e s t s  of a prototype spirometer i n  the Sntensive respiratory 
care unit  a t  the Massachusetts General Hospital are  favorable, They indicate 
t h a t  while this instrument i s  in need of modification, i t  would provide valuable 
informat ion ,  heretofore unobtainable, on pa t ien ts '  respiratory functions, 

A sui table  modified spirometer i s  bei'ng fabricated a t  the University of 
V i  rgi n i  a ' s D i  v i  s i  on of B i  omedi cal Engi neeri ng as par t  of thei  r NASA-f unded 
Applications Engineering project. 

Strai  n-Gage Transducer To Be Used In Occupational Therapy. Strain-gage 
technology from a NASA contractor i s  b e i n g  applied t o  the measurement of  force 
exerted by hand and arm muscles of physical therapy patimnts. 

Many of the exercise and therapy routines a t  the Hamd Rehabilitation Center 
of the Universit.v o f  North Carolina fledical School require t h a t  the pat ient  exer t  
a small amount of  force against a s t a t i c  load. 
a b l e  t o  exer t  a force t h a t  i s  measurable by standard means, b u t  i t  i s  helpful 
t o  know i f  any force has been exerted by means of the muscles i n  question. 
gators a t  the Hand Rehabilitation Center needed a small, imul tipurpose, pressure- 
sensi t ive indicator t h a t  can be placed a t  the point of pressure application t o  
indicate when the pat ient  i s  exerting force by using his \muscles. 

Members of the Research Tri a.ngle Ins t i  t u  t e  Ei omdi czl  Appl i ca t i  ons Team 
discussed this problem with a s c i en t i s t  a t  NASA's Ldngley Research Center. 
suggested tha t  the Team contact a NASA contractor who develops and manufacturers 
transducers. 
avai 1 able and reengi neeri n g  speci f i  cat i  ons are bei ng dcvQl oped. 

Frequently a patient i s  not 

Investi-  

He 

The contractor sai d t h a t  s t r a i  n-gage transd'ucer techno1 ogy i s 

Materials For Preventton (If New Decubitus Ulcers. A, NASA s c i e n t i s t  a t  the 
Ames Research Center suggestedxdapting a resin cushion mater ia l ,  which was used 
by a NASA contractor for  a i r c r a f t  seating, fo r  medical purposes. The material i s  
being fabricated i n t o  special pads and seats  fo r  the prevention o f  body sores 
(decubitus u l  cers ) . 
or beds, by the continued unequal dis t r ibut ion of body weight a t  pressure p o i n t s .  

Such sores are  caused on patients cotmfi ned t o  wheelchairs 

The unique resin material has a resil iency that  can s'hape i t s e l f  t o  the 
exact contours of  the body, thereby evenly d i s t r i b u t i n g  bcrvdy weight. 
material should help t o  a l lev ia te  a chronic medical problem. I t  i s  being 
eval uated by Rancho Los Ami gos and the Texas Ins t i t u t e  fop  Rehabi 1 i t a t i  on Research. 
I t  i s  a lso under consideration by the Hot Springs Rehabiliittation Center. 

T h i s  

SPECIAL OPPORTUNITIES .FOR BXOFIEDI CAL TECHTiOLOGY TRANSFER 

Many special and/or unique opportunities for  technoltugy t ransfer  a r i s e  d u r i n g  
the course of  the Biomedical Appl i cations act i  v i  t i e s  sponsored by the Techno1 ow 
Util ization Office. 
development of technology relevant t o  a biomedical problem, or for  the highly 
specialized and creative s k i l l s  of NASA personnel /. Opportwit ies  stem from 
problems i n i  t i  a? ly  defined by the Bi  omedi cal Appl i cations Teams, NASA groups ,other 

There may be occasions f o r  d i r ec t  uti i l ization of technology, 
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Government agencies, biomedical organizations other t h a n  participants in the 
Program, or qualified individuals needing NASA's assistance.  For a l l  technology 
t ransfers ,  IIASA in-house or contractor capabi l i t i es  were ident i f ied when 
d i rec t ly  applicable t o  problems. Transfer opportunities discussed here were 
not i ncl uded i n the appl i ca t i  ons engi neeri ng  porti on of the precedi ng sect i  on. 

Bedside Biomedical Computer. NASA's expertise in microprogramming will 
prove valuable in developing a small computer for individual pat ient  data 
storage and analysis. A small individualized computer t o  process d i r ec t  and 
indirect  data from a human subject will be developed by investigators a t  the 
Massachusetts In s t i t u t e  of Technology (blIT) ; the bedside biomedical computer 
w i  11 uti 1 i ze i nexpens ive commerci a1 ly avai ab1 e hardware NASA w i  11 suppor t  
software development by adapting software from the mini computers o f  the Apollo 
program.. A bedside data acquisition/analysis/display u n i t  should help the 
hospital physician i n  his diagnoses. 

Eyeswitch Operated Whee-1 chai r. A devi ce devel oped by NASA has been modi f i  ed 
for  the use o f  quadraplegics in wheelchair control. The original device was 
developed t o  permit astronauts t o  contro space vehicle f l i g h t  under h i g h  gravi- 
tational force by the movement o f  the i r  eyes. Known as %he eyeswitch, the device 
consists of an infrared sensor and a l i gh t  source mounted on a pa i r  of eyeglasses. 
I t  can act ivate  switches by u s i n g  the l i g h t  source t o  detect  the difference 
between the l i gh t  and d a r k  portions of the eye, 
act ivate  or deacti vate motors villi ch propel and di r ec t  the chair .  
operated wheelchairs are in  use a t  rehabi l i ta t ion centers where they are being 
eval uated. 

In the bjheelchair, switches 
Two eyesswitch- 

Prostheti c Hand. Servomechanism and elcctroni cs technologies were 
special ly devel oped and appl ied for  NASA i n  devel opmcnt alT a Hechani cal Acti vated 
Tri ggered I-land (HATH) for use in teleoperator appl i cat i  00 by astronauts. The 
MATH device i s  now being modified for  use i n  rehabi l i ta t ion  and should permit 
an amputee t o  hold and operate power tools such as e l e c t r i c  d r i l l s .  The 
Techno1 ogy Uti 1 i zat i  on Office of  the I'4arshall Space F1 i g h t  Center i s working 
with the Rancho Los Amigos Hospital a rehabi l i ta t ion center ,  t o  u t i l i z e  th i s  
NASA technology t o  fur ther  develop a prosthetic hand. 

Bi ocarbon Imp1 ants.  tii gh-pur i  ty h i g h - s t r e n g t h  forms of carbon, developed 
through aerospace research, are being used i n  the fabr icat ion o f  prosthetic 
devi ces. Devices such as bone subst i tutes  and. rep1 acement heart valves are  
intended f o r  long-term implantation i n  the  human body. 
conipati ble w i t h  body f l  ui d s  and t issues , b u t  u n t i  1 recently the carbon avai 1 ab1 e 
was n o t  suf f ic ien t ly  strong for  prosthetics use; materials o f  l esser  biocompat- 
i b l i t y  had to  be used. 

Carbon i s  highly 

Preliminary studies show t h a t  carbon forms developed for  aerospace use are 
suf f ic ien t ly  strong t o  be fabricated in to  prosthet ic  devices and pure enough t o  
be biocompatible. Technology Util ization funds  have been made available to  the 
Marshall Space Flight Center for a special project  t o  fur ther  develop and t e s t  
b i  ocarbon materi a1 s i n  cooperati on w i t h  in terested medi ca'l speci a1 i s ts  
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Medical Honi tori n g  Chai rs NASA sc i  enti  s t s  and engineers have been i n -  
vestigating the use of instrutxnted chairs as a means of monitoring physiological 
parameters of astronauts when they are not wearing space su i t s .  
may have important rami f i  ca t i  ons for mass heal t h  screening. 

The technology 

This technology was u t i l i zed  by a NASA contractor t o  develop a prototype 
medi cal moni t o r i  n g  chai r. 
cardiograms, galvanic skin responses, and heart  and breath ra te  from a seated 
pat ient  without the encumbrance o f  wires or attached electrodes. 
i s  being evaluated by the Department o f  Clinical Engineering of the George 
Washington University Medi cal Center in the i r  mu1 t i  piiasi c heal t h  screening 
f a c i l i t y .  Further development of  the medical monitoring chair  will  make use 
of technoloyy result ing from a biomedical engineering surmer i n s t i t u t e  for  
engineering students sponsored by Goddard Space F l i g h t  Center. 

This  chai r records physi ol ogi cal data such as e l  ectro- 

The chair  

Goddard Space Fli g h t  Center's Second Annual Summer ' ins t i tute  For B i  omedi cal 
Research. A uniaue Drooram to  fur ther  accelerate the flow of NASA aerosDace 

1 .I - 
technology toward application t o  problems i n  biomedicine was undertaken 'this 
sumer  for  the second year in a row -- The Summer Ins t i t u t e  for  Biomedical 
Research i n Techno1 o g  Uti 1 i zat i  on. 

The Ins t i tu te  was a j o i n t  project of  the George Washington University and 
NASA's Goddard Space Flight Center. 
undergraduate engineering students selected from a number of engineering 
colleges throughout the eastern United States t o  spend ten weeks i n  an active 
techno1 ogy appl i ca t i  on program. The students were able t o  apply the i r  engineering 
background and aerospace techno1 ogy toward sol uti on o f  defined biomedical problems 
under the d i  rection o f  University faculty and Goddard sc i en t i s t s  and engieers. 
The Summer Ins t i tu te  was funded by the Technology Uti l izat ion Office of 
the Office of Industry Affairs and Technology Ut i l iza t ion ,  NASA Headquarters. 

I t  was undertaken t o  enable ten senior 

During the f i r s t  half of  the ten-week period, the students spent two a f t e r -  
noons each week i n  a classroom lecture se r i e s  designed t o  provide them w i t h  a 
b r o a d g  comprehensive v iew of the biomedical engineering profession a n d ,  i n  
parti cu la rg  the systems engineering approach to  health care,  The lectures ,  
seminars, and demonstrations were conducted by the George Washington Uni versi ty  
Department o f  Clinical Engineering in Washington, D . C .  

Fi ve we1 1 -defined research projects were devel oped by the Department of 
C1 i ni cal Engi neeri ng .  These projects were focused on ideas concepts, or 
exis t ing instrumentation which needed fur ther  design and enqineering improvement, 
so t h a t  s ign i f icant  progress in terms o f  working prototypes, could be accomplished 
by the students during the ten-week program. These projects were: 

. Electrocardiographic Electrodes fo r  Rapid Application 

To develop an electrode sui table fo r  a 1 2 - l e a d  electrocardiogram 
system t h a t  can be applied rapidly and provide good short-term 
( less  than f ive  minutes) performance, 
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. Heart Sound Mi crophone Mini a tur i  za t i  on and Improvement 

To improve the design o f  microphones f o r  detection of heart sounds, 
w i t h i n  the constraints of low cost ,  appropriate s ize ,  and low 
signal -to-noi se r a t io .  

. Heart Sound Envelope Circuit 

To develop a new o r  improved c i r cu i t  t o  simplify the phonocardiogram 
(heart  sound) signal so  t h a t  a true sound intensi ty  signal i s  created 
for  more effect ive use in  diagnosis. 

. Ci gi t a l  Rea1-i za t i  on o f  Pulmonary Screeni ng and Pioti vat i  n g  Devi ce 

To develop a d ig i t a l  c i r c u i t  equivalent o f  an analog computational 
device used t o  overcome the d i f f i cu l t i e s  o f  patient motivation and 
of rap? d separati on of normals from abnormal s i n pulmonary screeni ng . 

e Intensive Care Alarm Indicator System 

To develop a device which can b2 worn by responsible hospital s t a f f  
personnel and wi 11 i ndi cate when a1 arms on moni to r i  n g  equi pment 
have been ac t i  vated. 

The students were divided i n t o  f ive two-man teams and each team was assigned 
a laboratory areas a Goddard technical advisor, and one of the defined research 
projects. 
a1 1 data in a research notebook. 
supplies, and parts were made availabel t o  the students fo r  t h e i r  research, 

The students worked a t  their own speed, b u t  m r e  required t o  record 
Sophisti ca-bed tes t ing  equipment , tools 

Much of the prototype equipment designed ,and fabricated by the students d u r i n g  
the Summer Ins t i tu te  i s  now in actual use and under fur ther  development by the 
George Washington University Department of Clinical Engineering. 

More detailed information concerning the 1970 Summer I n s t i t u t e  will  be in-  
cluded in  a report t o  be issued by the Technology Util ization Office of the 
Goddard Space F1 i g h t  Center. 

OTHER TEA!! EFFORTS 

To solve a problem often e n t a i l s  much more than d e s i g n i n g  a piece of equip-  
ment or providing the de ta i l s  o f  similar problem solutions.  The optimum 
solution t o  many problems require tha t  the teams es tab l i sh  contact with spec ia l i s t s  
outside PIASA. 
solution of problems. 

The research of outside spec ia l i s t s  o f t e n  help t o  lead t o  the 

A surgeon who needed material t o  implant in  infants  for proper drainage of  
cerebrospinal f l u id  requested assistance from a BATeam. The team was n o t  able 
t o  locate applicable NASA technology b u t  i t  knew of Project Thrombus a t  the 
Cornel 1 Aeronautical Laboratories . The project was concerned wi t h  materials f o r  

-62- 



implantation, treated i n  a way so tha t  blood c lo ts  would n o t  form. The team 
p u t  the surgeon i n  touch with the researcherg and close cooperation should 
r e su l t  i n  the design and t e s t  o f  a shunt i n  a re la t ive ly  s h o r t  time. Nonaerospace 
technology which is medically related was ident i f ied by a team as applicable 
t o  a kidney perfusion pump. 
was used t o  c i rculate  v i ta l  f lu ids  through a kidney while i t  was being transported 
from the donor t o  a recipient .  
Army Research and.  Development Command was ident i f ied.  
loan o f  the Army pump t o  the researcher fo r  fur ther  evaluation. 

A small, l i g h t  weight pump af h i g h  r e l i a b i l i t y  

A miniature pulsa t i le  pump developed by the 
Ihe team is arranging 

The teams’ broad experience and contacts frequently help in providing i n -  
formatian t o  researchers. 
far  ~iedl’ca’l devel cipnient i s  reduced LI 

Time and e f f o r t  is concerned, and the  time required 

In the t ransfer  o f  aerospace technology, the teams have been working w i t h  
the Social and Rehabilitation Service (SRS) o f  the Department of Health, 
Educati on,  and We1 fare .  The Rehabi 1 i t a t ion  Research Branch of SRS i s  concerned 
w i t h  improving techniques t o  benefit the physically or mentally handicapped, 
Areas o f  the program t o  which the BATeams are contributing are:  

Portable, l ightweight powered wheelchairs 
Pressure-sensitive devices f o r  wtieelchai r control 
Electroniyographi c muscle t ra iners  
Lighweight, high-strength designs for a r t i f i c i a l  limbs 
Special resins f o r  cushion*ing materl’als 
Strain gages for evaluating and f i t t i  ng prostheses 
An implantable valve t o  res tore  control o f  urinary function. 

Some o f  these contributions have been described i n  previous sections of this 
report .  
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ACCOMPLISHMENTS OF THE P U B L I C  SECTOR APPLICATI@IS TEAMS 

T RAN S FE R ACT I V I TY 

The use of Applications Teams for  public sector  problems is  a re la t ively 
recent Program i nnovati on. The detai 1 ed ltnowl edge gained from the Bi omedi cal 
Appl i cat i  ons Teams ' experience i n  regard t o  t ransfers  has benefi ted th i s  par t  
of the Program. 
t o  Problem Originators i n  public sector agencies. Such potential solutions 
in  several cases have reached the stage of complete agmement between the 
Technology Appl i  catjons Team (TATeam) and the Problem Originator, indicating 
t h a t  a p a r t i  cul ar E?IP,SF\ techno1 ogy appl i es t o  the problem, a1 t h o u g h  fur ther  work 
i s  usually required. T h i s  work i s  necessarily accompamied by delays in  time 
due t o  a variety of circumstances, for  example, requirements fo r  adaptive 
engi neerings performance trials , procurement e f fo r t s ,  descriptive documentati on 
for concerned parties ., and other delaying factors .  
avai 1 able advanced techno1 ogy usual ly r e su l t  i n  substanti a1 savi ngs of t i  me > 
e f f o r t  and money when compared w i t h  the time and resources which would be 
required t o  i n i t i a t e  new research and development to  solive a par t icular  problem. 

A number of potential solutions t o  prohlems have been presented 

However, such t ransfers  of 

D u r i n g  the period covered by this report ,  a number of potential t ransfers  

the preliirni nary phase of the 

have reached the stage o f  adaptive engi neeri ng and perfarmance t e s t  eval uati on. 
Once the Problem Originator has accepted the concept a d  a physical model i s  
avai 1 able for  t e s t  > evaluation, or adaptati on 
t ransfer  i s  complete. The discussion here will center on the TATeam e f fo r t s  
t o  bring a specif ic  item of technology t o  the preliminary t ransfer  stage of the 
t ransfer  process. 

-__ Detection and Recovery of  Indented Writing. The President's Commission 
on Law Enforcement andxdministration of Jus t ice ,  established i n  1965, found 
t h a t  the s c i e n t i f i c  and technical revolution t h a t  boosted the space program had 
l i t t l e  e f f ec t  in the provision of suppor t  to  law enforcement or crirninalist ics.  
However several 1 aw enforcement and cr i  mi nal i s t i  cs proftrl ems have been i denti f i  ed 
for  which solutions are l ike ly  to  be found based on aerwspace technology. One 
such problem involves the "Detection and Recovery of Indented Nri t ing .  'I Indented 
writing i s  the impression l e f t  on an underlying sheet off paper, b l o t t e r ,  or 
similar material while writing on the top sheet.  
of indented writing i s  par t icular ly  d i f f i c u l t ,  b u t  oftem important t o  the 
solution o f  criminal cases and t o  subsequent judicial  procedures. To the 
television v i e w r 9  the solution t o  this problem may a p p a r  simple, such as 
making a pencil rubbing. B u t  such a solution seldom works. T h u s ,  any means of 
ass is t ing in detecting and recovering indented writing will have las t ing  
usefulness. 

The detection and recovery 

A potential method adaptable for '  the detection and recovery of indented 
writing , 
by Pletro 
Center. 

which i s  an a l ternate  usage of a space program technique, was devised 
Physics, Inc., while under contract t o  the NASA Harshall Space Flight 
Metro physics, Inc. developed a f i be r  opt ic  device intended to  detect  
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surface flaws and cracks on spacecraft components 
appeared to  have application to  the detection-recovery problem, since the indented 
writing i s  analogous t o  surface flaws or  cracks on the medium. 

The principle involved 

Though the agency which ident i f ied th i s  Problem was the Chicago Police 
Department the Law Enforcement Assistance Admini s t r a t i  on (LEAA)  of the 
Department of Just ice  showed an ear ly  in t e re s t  i n  the .problem and provided 
$3000 t o  I4etro Physics, Inc. for  a f eas ib i l i t y  demonstration. Funds for this 
e f f o r t  \!ere not available from the Chicago Police Department. 

Metro Physics began the necessary modifications t o  the i r  device and 
s ta r ted  a t e s t  program in A u g u s t ,  1970. The t e s t ,  completed in October, showed 
that  fur ther  modifications were required. 
of the t e s t  paper, there was l i gh t  scat ter ing w i t h i n  t h e  paper t ha t  resulted 
i n  background noise. Efforts t o  rec t i fy  this were successful t o  a degree. The 
TATeam then demonstrated the device t o  Chicago Pol i ce Department of f i  ci a l s  
including personnel from the Documents Laboratory, a71 of whom were impressed 
w i t h  the potential of the device. The Chicago Police Department retained the 
device for  one week for Further eval uati on under operational condi t i  ons . Late 
i n  October the device was demonstrated t o  the LEAA w i t h  favorable reception from 
technical personnel who understood the l imitations and potenti a1 of the device. 

Specifically , because o f  trans1 ucency 

The Chicago Police Department is presently preparing a detailed statement 
of t he i r  intended operational use of the device, and the improvements required. 
A report  for NASA and LEAA,  being prepared by the TATeams, will form the basis 
for  fur ther  development leading t o  a fu l ly  operational device. Several s ign i f i -  
cant features o f  the technology t ransfer  process were demonstrated by t h i s  one 
e f fo r t .  Foremost i s  that  many Problem Orig ina tors  l ack  funds or f a c i l i t i e s ,  or 
b o t h ,  for  f eas ib i l i t y  tes t ing  of potential solutions and adaptation to  a 
program. 
i nterested in furthering i nnovat i  ve progress i n se lected areas. 

Equally important, however,, i s  t h a t  agencies such as L E A A  are seriously 

F i r e m a n ' s L i f e o r t  System. The problem of the Fireman's Life Support 
System (FLSS) originated i n  the need of ixunicipal f i r e  departments for  a 
re l iably functioning breathing device for use d u r i n g  fibres, 
by the Boston Fire Department t o  NASA in 1969, IITRI performed a study o f  
various aerospace technological developments which, whein p u t  together, form an 
e f f i c i en t  l i f e  support system. The basic componentg the oxygen sources derived 
from a Portable Environmental Control System developed for the Apoilo Program, 
uses a potassium sodium chlorate candle as the source o:$ high-purity oxygen. 
Another item selected for the FLSS was the face mask derived from faceplate 
visors used by astronauts The faceplate uses speci a1 properti es of 1 i q u i d  
c rys ta l l ine  materials t ha t  change the color of ref lected l i g h t  i n  re la t ion t o  
temperature. 
fireman can have a visual window to  indicate temperature conditions. 
harness assembly was derived from a special uni t  developed a t  Kennedy Spacecraft 
Center; i t  i s  used by the Pad Rescue Team for  quick rescue of astronauts i n  
cases of emergency, 

Following a request 

The vi sor i s  temperature sens i t i  ve and non-foggi ng  . Thus the 
The 
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I t  has been noted previously t h a t  a major hindrance t o  completing a 
t ransfer  of items of technology i s  lack of funds  fo r  f eas ib i l i t y  tes t ing.  In 
the case o f  the municipal f i r e  departments, no single agency in government or 
elsewhere takes the in te res t s  of  firemen t o  hear t ,  as d i d  the LEAA in the case 
of law enforcement. The National Bureau of Standards (NBS) has only recently 
been assigned the responsibil i ty of establishing the Office of Fire Research 
and Safety. 

Lack of informati on on breathing requirements d u r i n g  actual f i r e s  has been 
another element t o  delayed techno1 ogy t ransfer .  Several studies underway on 
t h i s  subject w i l l ,  when completed in the near future ,  hopefully provide valuable 
d a t a  re1 ated t o  weight and vol ume requirements for  the oxygen-produci ng  system. 

The IITRI TATeam participated in an informal seminar on l i f e  s u p p o r t  
systems i t i  September '1970, a1 ong w i t h  other p a r t i  ci pants tha t  i ncl uded sc i en t i s t s  
from NASA Field Centers, the Bureau of  Mines ( the  agency responsible for  
cer t i fying breathing devices) and the National Bureau of Standards (NBS). 
Considerable in t e re s t  was shown in the l i f e  suppor t  system result ing in two 
possible avenues tooward successful conclusion of this problem. The NASA Elanned 
Spacefli g h t  Center has expressed a wi 11 i ngness t o  perform the necessary prototype 
development work and p l ans  are currently being implemented, i n  close coordina- 
t i o n  with NBS and other interested agencies, t o  complete this prototype develop- 
ment work. Sources o f  funding are being considered. fo r  a proaram of  constructing 
and f i e l d  tes t ing of multiple units.  
technology will const i tute  the f i r s t  major advance in f i r e  department breathing 
devices i n  25 years. 

Successful t ransfer  o f  this aerospace 

Measurement o f  Airflow Vel oci t i  es in Coal - Hine P a s s a E .  The hazards 
connected with a coal miner o r  with working in a coal mine scarcely require 
a reminder. 
population to  action t o  prevent catastrophes. A recent event was the d isas te r  i n  
1968 a t  flannington, West Virginia, which resulted i n  legis la t ion aimed a t  
reducing mine f a t a l i t i e s  and establishing nevi standards for safety and working 
conditions. An adequate fiow of  a i r  t h r o u g h  the mine is  an important factor  t h a t  
contributes t o  safety and good working conditions; fresh a i r  for breathing and 
adequate ai rf1 ow to  prevent accumul a t i  ons of hi ghly expl o s i  ve and poi sonous 
methane gas are imperative. Since uniform airflow throughout a mine i s  v i r tua l ly  
impossible, detailed knowledge of the exis t ing airflow i s  extremely important. 

However, as i n  many other areas ,  only a major tragedy s t i r s  the 

The Bureau of Wines, a Problem Originator, pointed out t h a t  a device t o  
measure the a i r  movement i s  a basic need. 
are n o t  sensi t ive enough in order t o  detect  the low velocity windflow in mines. 

Ordinary airflow measuring instruments 

A NASA Electronics Research Center s c i e n t i s t  sugqested tha t  a f lu id ic  a i r  
sensor, capable o f  measuring speeds of l e s s  than 10 f e e t  per minuteg would be 
useful i n  solving the low velocity windflow problem. 
conveyed t o  the Bureau of  !'lines was received w i t h  enthusiasm. The instrument 
was devel oped by the Bowles F l  ui d i  cs Corp. for  Electroni cs Research Center 
( E R C )  to  be used as an a i r  speed indicator  on ver t ica l / shor t f ie ld  take-off and 

Information on th i s  sensor 
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landing (V/STOL) a i r c r a f t .  After fur ther  'study, the IlTRI TATeam prepared and 
submitted a report t o  the Bureau of Nines describiiig the capabili ty of the NASA 
instrument as adaptable t o  mines application. The repor t ,  "Heasurement of 
A i  r f l  ow Velocities i n Coal !#line Passages g ' '  was recei ved favorably 
of Mines indicated in September tha t  they wished t o  t e s t  the instrurnent in the i r  
wind  tunnel 
i n  the laboratory and i n  an underground mine, 

d i f fe ren t  progression from tha t  described i ti previous examples. 
the Bureau of  Nines had the f u n d s ,  f a c i l i t i e s ,  and i n t e r e s t  t o  perform the 
necessary adaptive engi neeri n g  and eval uati ve tes  t i  ng . 

The Bureau 

and develop a portable model of the uni t  which they would evaluate 

The preliminary t ransfer  of technology to  the Bureau of Mines represents a 

T h i s  work i s  now i n  progress" 

In this case 

The I4ASA-sponsored f lu id i c  device has also received attention from another 
The U.S. Navy recognized the usefulness source independent of  any TATeam e f fo r t .  

of the airf1ol.J measuring instrument and has modified i t  t o  measure b o t h  wind  
speed and direction for  a number of  a i r c r a f t  and meteorological applications. 

Dust Monitoring in Coal Mines, The airflow sensor just  discussed indicates 
the need for  developing instrumcnfs specif ical ly  t o  improve working conditions 
and safety in mines. In both areas, coal d u s t  and i t s  concentrations w i t h i n  the 
mine are important factors .  
explosions and aid i n  propagating methane gas explosions over a wide area. Coal 
d u s t  i s  a l s o  a major cause of "black l u n g "  disease. 
for  mine operations require reduction of the level of coal d u s t  within the 
mine. 
ments with capacit ies t h a t  instruments in current use are n o t  capable o f  
f u l f i l l i n g .  
par t ic le  analyzer t o  function as a dust monitor. 

Coal d u s t  i s  an element t h z t  can i n i t i a t e  mine 

Recent standards established 

To met  the standards, the reduction e f f o r t  will require effective instrut- 

This s i tuat ion established a Gureau of Mines need for  a sensor or 

I n  a computer l i t e r a t u r e  search for information re la ted  t o  the Bureau of 
Mines requirement, the IITRI TATeam located references t o  a par t ic le  analyzer 
developed for  the NASA Electronics Research Center. The instrument, a portable 
mu1 t i  channel aerosol par t ic le  analyzer, was developed f o r  use in  the Apol l o  
Command !.fodul e .  I t  i s  1 i ghtwei g h t  compact rugged enough t o  w i t h s t a n d  takeoff 
and re-entry of  the space module, self-powered, and can operate over a-wide 
temperature Pange. The instrument i s  a l so  designed t o  cQu6t f ive par t ic le  s i ze  
ranges between the l imits  of  0 .5  and 10 microns. 
i n  the space capsule, the instrument was i n  the one-of-a-kind category and 
expensive. 

In the configuration for  use 

In cooperation with the NASA Office of  Advanced Research d Technology, the 
instrument was demonstrated t o  Bureau of Mines o f f i c i a l s  \and s c i e n t i s t s .  There 
were mixed i n i t i a l  reactions resul t ing from the f a c t  t h a t  the instrument, as 
designed for NASA use, could not yield gravimetric readings nor could i t  
distinguish rock dust from coal dust. 

The early demonstrations o f  the instrument, however, resulted in an 
advantage in t h a t  the need fo r  d u s t  monitoring technology was b r o u g h t  t o  the 
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attention of NASA s c i e n t i s t s ,  and this  provided impetus toward development o f  
the p a r t i  cul a r  techno1 ogy. 
Office of Advanced Research 8. Technology (OART) 

A speci a1 project was ini  t i  ated,  coordi nated by the 
to :  

a. Test the correlation of the NASA ERC par t ic le  monitor t o  
s t anda rd  mine sampling techniques f o r  coal d u s t .  The Harvard 
School of  Public Health cooperated i n  this project. 

b. Investigate the possibi l i ty  of  cost reduction and explosion- 
proofing the instrument 

c. Interface w i t h  Stanford Research Ins t i t u t e  (SRI) s c i en t i s t s  
conducting a study o f  d u s t  monitoring methods for the Bureau o f  
E4i nes . 

The aerosol par t ic le  analyzer was accepted completely in principle by the 
Bureau of Flines i n  August ,  1970. 
one copy of  the Apollo flodel, one breadboard model of an advanced version, and 
detailed engineering drawings t o  the Bureau of  f-lines, which the Bureau plans t o  
use i n  laboratory experiments. I f  the instrument perfoms sa t i s f ac to r i ly  in 
the laboratory, the Bureau will contract a comnercial fjrm t o  build a model 
adapted for use i n  the mine. 

NASA and the IITRI TATeam arranged t o  t ransfer  

The potential market t h a t  will develop for this instrument i s  an interest ing 
aspect of the problem. 
300 instruments for use by i t s  inspectors. 
s c i en t i s t s  estimate can be reduced from i t s  original high cost of $40,000 for  the 
model t o  something on the order of $5,000 each in mass production. 

The Bureau o f  Mines estimates a need of  between 200 and 
The cost  of the instrument NASA 

The aerosol par t ic le  analyzer example demonstrates a Problem Originator’s 
w i  11 i ngness and capabi 1 i ty  t o  perform adapti ve engi neeri ng t o  a r r i  ve a t  a sol u t i  on 
to  his problem. The l i t e r a tu re  search, as another means toward locating a 
problem solution, i s  a l s o  demonstrated. 

Reservoir Hater Col umn Densl’ty Heasurement. Reservoi r pol 1 uti on tha t  may 

S t r a t i  f i  cation i s  dependent on water depth, temperature, 
r e su l t  from a s t r a t i f i ca t iTn  process i s  a cause of  water pollution not generally 
known to  the pub1  i c .  
and chloride concentrati o n ,  and becomes a problem when water i n  the 1 ower sect i  on 
of the reservoir becomes anaerobic, or oxygen-depleted. 
reservoir i s  then n o t  potable, and may r e su l t  in water supply shortages. P a r t  of 
the e f f o r t  directed toward a l leviat ing this problem requires a means of determining 
the s t r a t i f i ca t ion  within the reservoir.  Early detection! of  s t r a t i f i c a t i o n  will  
enable pollution spec ia l i s t s  t o  take remedial action. Th i s  d ic ta tes  a need fo r  
measuring the water density throughout a “column” of water in the reservoir.  

A l l  water in the 

The IITRI TATeam was able to  locate a tentat ive solution rapidly --- a 
means to  measure water density. 
by a NASA contractor,  which works according t o  the theory o f  measuring the 
buoyant force o f  a specif-ic volume of displaced f lu id  to determine i t s  density. 

The device i s  a f l u id  d m s i t y  analyzer, developed 
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The instrument i s  insensi t ive t o  mot ion ,  light-weight, portable, and can be 
used on a sounding l i ne  a t  various depths, 
developed i nstrument was presented t o  the Federal Water Qual i ty Administration 
(F\JQA)$ the Problem Originator, i n  flay. The FWQA evaluated the information 
and i n  June agreed tha t  the instrument appeared t o  have merit as a feasible 
solution t o  the water-density measuring problem. 

Information on the contractor- 

The next step was t o  obtain a working model fo r  evaluation. T h i s  
represented a departure from previous approaches. 
a potential solution; a NASA contractor developed the instrument tha t  was 
considered the potential solution; and a Government agency, the FbJQA (The Robert 
S. Kerr Nater Research Center) had agreed tha t  the instrument could be a 
potenti a1 solution t o  thei r problem. The !dater Research Center unfortunately, 
was operating under constraints which di d n o t  permi t thej r di r ec t  eval uati on 
and adaptation of an instrument furnished by the contractor throuah the TATeam. 
The constraints made i t  necessary f o r  the contractor t o  s u b m i t  an unsoli ti  ci ted 
proposal t o  the FWQA i n  Washington t o  redevelop the inst:rument for  a specif ic  
purpose. 

The TATeam had ident i f ied 

The proposal was prepared by the contractor i n  September. 

Similar problems ex i s t  i n  other Government and quasi-Government agencies, 
including the Tennessee Valley Authority (TVA) and the U.S. Army Corps of 
Engineers. 
contact such agencies 

The contractor for  the water-density measuring device intends t o  
t o  investigate possible needs f o r  the instrument. 

A Methane I loni tor  f o r  Coal Nines Another problem facing the Bureau o f  
Mines i s  associated w i t h  methane gas accumulations. Methane i s  par t icular ly  
dangerous i n  mines where i t  may be ignited by f r i c t iona l  or e l e c t r i c  sparks. 
To lessen the danger o f  explosion, the mine mus t  be we11 ventilated in order t o  
keep the concentration of methane below the lower explosion l imit  of the gas 
(5 percent). 
considered unsafe, so i t  i s  obviously important t o  accurately determine the 
methane concentration. 

When methane concentration exceeds 1.5 percent a mine i s  

The IITRI TATearn located three potential means of determining methane 
concentration : 

An indium-sesquioxide sensor developed by a NASA contractor as a 
hydrogen detector. The principle o f  operation i s  based on the 
change i n  e lec t r ica l  resistance o f  the thin-film oxide when exposed 
t o  various concentrations of the gas .  
hydrocarbons including methane and thus is a potential solution 
t o  the methane concentration problehi as well 5s t o  some a i r  pollution 
problems. 

The device will respond to  

A W-value sensorg developed by a NASA consultant,  which i s  a low- 
p r i  ced chromatograph useful i n moni to r i  n g  methane. 

A miniature mass spectrometer developed fo r  NASA's Voyager program. 
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The three possible solutions were presented t o  Bureau of Mines sc i en t i s t s  
fo r  tentat ive eval uation in September. The miniature mss spectrometer drew 
the most i n t e re s t ,  b u t  no decision has been made on which device t o  consider 
further.  
Research Center detects up t o  50 mass units b u t  the scan range can be extended. 
The contractor advised the TATeam t h a t  the instrument has been modified so tha t  
i t  will  now distinguish between carbon monoxide and nitrogen, b o t h  of which have 
the same mass number. 
miniaturized gas chromatograph, which is described i n  NASA Tech Brief 70-10402, 

A breadboard u n i t  of the miniature mass spectrometer a t  the Langley 

T h i s  capabili ty was achieved by incorporation of a 

The miniature mass spectrometer shows poss ib i l i t i es  fo r  a number of useful 
mine applications; t h i s  will be pointed o u t  i n  the next discussion o f  a 
preliminary t ransfer .  As a methane monitor,  the spectromzter may be too costly 
t o  be adapted as a personal, portable instrument to  be used by a number of 
people a t  the mine work ing  “face”.  Should this be so, one of the other devices 
might be be t te r  u t i l i zed .  The TATeam i s  now waiting for  the Bureau of  flines 
to  decide on a device. Nhen a decision is  made, suf f ic ien t  information will  be 
given the Bureau so tha t  design specifications can be set pr ior  t o  requesting 
bids from a contractor. 

Mass Spectrometer. I n  the discussion o f  the methane monitor problem, i t  
was noted tha t  a minighre mass spectrometer could have a number o f  applications 
i n  a mine, for  example, as an air  monitor i n  ventilation dlicts, as a detector 
for a number of harmful gases, and  a s  a check for oxygen deficiency. The 
TATeam suggests t h a t  several instruments could be located a t  s t r a t eg ic  positions 
i n  a mines and be integrated into a telemetering system -to provide continuous 
envi ronmcntal data t o  a central monitoring system. In th i s  way the requi rement 
and use would be quite d i f fe ren t  from t h a t  described in the preceding problem. 
The miniature mass spectrometer appears adequate as a possible solution t o  the 
methane detector problem. 
i nformati on r e l a t i  ng t o  the mini a tur i  zed mass spectrometer t o  the Bureau of 
r4ines, Which i t  will use in preparing specifications fo r  an instrument to  meet 
t h e i r  needs pr ior  t o  l e t t i n g  a contract .  

In October the TATeam presented detailed technical 

Communications Link: AutornafGic Trouble Shooting. Locating a trouble s p o t  
i n computer communi cat i  on 1 i n k s  between computer terminal faci l i  t i e s  i s a probl em 
t h a t  was presented to  the IITRI TATeam by the Maryland Sta te  Police. 
nlethods of operation require manual tracing to  locate f a u l t s ,  resul t ing i n  
excessive outage or downtime. 
system o u t  o f  order. 

Current 

Loss of the computer i s  expensive and puts the 

During a v i s i t  t o  the Kennedy Space Center the TAJeam was shown the computer 
f a c i l i t y  t h a t  automati’cal ly t e s t s  the en t i r e  Apol l o  launch system. The faci 1 i ty 
i s  connected t o  each t e s t  s i t e  by telephone cables. 
moni tors  the communications channels for  proper ci rcui t parameters and energi zes 
an alarm i f  these parameters are n o t  w i t h i n  al‘lowable 7imits. The system 
assures the ava i lab i l i ty  and quality o f  a communications channel whether i t  i s  
i n  use or id l e .  
channel has been i nterrupeted or deteriorated below usable standards. 
channel qual i ty  d u r i n g  ci rcui t use i s  monitored. 

The l ine  qual i ty  system 

I t  a lso determines when the transmission quali ty of an i d l e  
Also, 
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The computer f a c i l i t y  is  NASA technology tha t  has advantages over 
commerci a1 l y  avai 1 able moni tori ng  devices . 
monitoring voice and high-speed data channels; h i g h  p r ior i ty  voice channels t ha t  
do n o t  carry t r a f f i c  most of the time must be operational and immediately 
available.  

The NASA equi pment i s capable of 

A Technical S u p p o r t  Package (detai led technical informati on )  for  the l ine  
qual i ty  monitor was presented t o  the Ilaryland State  Police, who affirmed t h a t  
the system appeared t o  meet t he i r  needs. 
wi 11 be when the pol i ce department representatives accompany the 1 ITRI TATeam 
t o  Kennedy Space Center t o  see the equipment in operation. 
LEAA plans t o  fund  and s e t  up a p i l o t  project  t o  demonstrate the equipment. 

The next s tep  in the t ransfer  process 

Meanwhile, the 

The equipment used a t  Kennedy Space Center cost  about $30,000. However, 
vol ume production which may resul t i f the LEAA-sponsored t e s t s  are  successful , 
would lower the cost. A large market f o r  the equipment for  use by police i s  
ant i  ci pated. Other communi ca t i  ons -ori ented users are  another po-tenti a1 market. . 

Pion-Destructive fleasurement o f  the Thickness o f  Portland Cement Concrete 
___I- Pavement. 
thickness o f  concrete pavement. 
of the highway, then uses special coring equipment t o  make a number of  core holes 
in the roadway. The retrieved core,  when analyzed by  the engineer, can provide 
various information re la t ive  to  the construction o f ,  and wear and  t ea r  on, the 
road surface. Howeverg th i s  i s  a destructive t e s t  which i s  time-consuming and 
costly for the s t a t e ,  as we11 as annoying for the motoring public. 
nondestructive method of tes t ing i s  needed. 

State  higliway departments have need for a t re thod t o  determine the 
A road crew ordinar i ly  blocks o f f  a portion 

A 

The Cal i forni a Division of  Highways ( C D H )  whi  1 e conferri ng with the 
Stanford Research Ins t i t u t e  (SRI) Transportation TATeam, asked tha t  a study o f  
a nondestructive method of  determining the thickness of  pavement be made t o  f i n d  
applications for  NASA technology t o  a s s i s t  the CDH. 

SRI published the Problem Statement i n  t he i r  Monthly Report which i s  
circulated to  a l l  HASA Field Centers. This i s  p a r t  of the regular routine o f  
the TATeam program. Thus the Problem Statement came t o  the attention of NASA 
sc i en t i s t s  a t  the I'iarshall Space Flight Center. Contact was made between the 
NASA scient! s ts  and the TATeam, reveal i ng t h a t  a NASA-devel oped device could 
measure pavement thickness nondestructively. 
constructed for the Pennsylvania Highway Department (PED) a t  tha t  time e 

I n  f ac t  a working model was being 

The P H D  had learned of the NASA device th rouqh  two NASA Tech 6r iefs .  Tech 
Brief 68-1 01 83, "Detecti on and Locati on o f  Metal 1 i c Objects Imbedded i n Non- 
!detal 1 i c Structures,  I' described a small battery-operated eddy current proxi  mi ty-  
measuring device t h a t  would detect  objects the s i ze  0 f . a  dime a t  distances up  t o  
1 f o o t .  
insulation on the NASA Saturn  S-2 rocket stage. 
70-10107, "Detection and Locati on of fletal Fragments i n  the Human Body, I' presents 
a modified version o f  the eddy current device which can be used fo r  on-site 
locati  on o f  ferrous o r  non-ferrous metal fragments accidental l y  i ntroduced in to  
the h u n m  body. 

The device was used by NASA t o  measure the thickness o f  spray-on foam 
The second b r i e f ,  Tech Brief 
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I t  was as part  of another National Cooperative Highway Research Program 
study, "Eva1 uating Procedures fo r  Determining Concrete Pavement Thickness and  
Reinforcement Position," tha t  the PHD learned of these Tech Briefs. The NASA 
Tech Briefs came to  t h e i r  attention during invest igat im of  possible methods 
of determining pavement thickness. Discussions betweem the P H D  and the NASA 
s c i en t i s t s  led t o  the NASA-developed instrument designed specif ical ly  t o  be 
used i n  measuring pavement thickness. 
and detects a sheet o f  metal fo i l  la id  on the base coume before paving. The 
f o i l  can be of any expensive metal, 12 t o  18 inches squareg witti a minimum thick- 
ness of  0.02 mm. The instrument can be turned t o  discrtminate between the 
reinforcing rods and the base plate .  In order t o  t e s t  this  instrument, as well 
as a number of other ins t rumnts  showing feasibi l i  ty fior nondestructive measure- 
ment of  pavement thickness, the PWD specially prepared a section of t he i r  t e s t  
track. 
conducted in l a t e  August and ear ly  September on the NASA instrument and t e s t  
resul ts  are now being analyzed. 
par t icular  application i s  indicated, i t  will  be included l a t e r  i n  a t e s t  covering 
a s ix-s ta te  area. 

The device i s  basically a metal detector ,  

Foil was ins ta l led  as par t  of  the t e s t  preparatfons. A t e s t  was 

I f  successful use of Uhis instrument in this 

A favorable feature of the metal detector versus other proposed devices 
The NASA designers of  the device estimated i t s  comercial  cost i s  i t s  cost .  

a t  about $500, while most other instruments b e i n g  considered in the study cost 
i n  the $3,000-$4,000 range. The potential public market for  the instrument i s  
estimated a t  20 instruments per s t a t e ,  
s si gni f i cant. 

Cost savings t o  the s t a t e s  would be 

Miniaturized flass Spectrometer. In the f i e l d  o f  marine sciences, recent 
research e f fo r t s  have establ i shed a need for a miniaturized mass spectrometer. 
Equipment currently used i s  the immobile laboratory type which necessitates 
transportation of phytoplankton or other marine organ-isms from the f i e ld  t o  the 
laboratory. The adverse e f fec ts  of  the t r a n s i t  interval are n o t  known, thus 
appropriate a1 lowance for them cannot be made in the experimental endeavors. 
I f  placed aboard a research vessel,  a very small mass Spectrometer would 
eliminate th i s  t r a n s i t  time and allow be t te r  simulation of the actual environment. 
I t  would be more desirable placed i n  a habi ta t  on the ocean f loor .  
a t  the University of  Miami found s ignif icant  differences between dissolved gas 
concentrations analyzed in an ocean f l o o r  habi ta t  and those obtained in a 
sample analyzed on board ship or a t  the home laboratory, The major use of  the 
mini aturized mass spectrometer w i  11 be to  gain understaadi ng o f  the reproducti on 
of algae, and of marine animalss which serve as lower links in the food chains. 
This i s  essential  t o  be t te r  management and u t i l i za t ion  aaf marine resources and 
marine ecology. 
deemed adaptable t o  marine l i f e  usage. This instrument i s  small lightweight 
( l e s s  than 30 p o u n d s ) ,  and i s  capable of continuously nmnitoring 1 2  d i f fe ren t  
gases. 

Researchers 

I t  was designed for use aboard high-performance a i r c r a f t ,  and i s  

Before appl i cation of the smal 1 spectrometer t o  m r i  ne science modi f i  ca- 
Bhe Problem Originator, t ions must be made t o  the ion pump and electrometers. 

the University of Miami School of Harine and Atmosp i c  Sciences, has indicated 
in t e re s t  i n  funding the engineering e f f o r t  required fat- redesign, and for  an 
experimental program in use of  the instrument. 
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POTENTIAL TRAI’IS FERS ACHIEVED 

There were 13 problems t h a t  reached potential t ransfer  s t a tus .  

Wind Tunnel Design Cr i te r ia  The Nati onal Air Pol 1 uti on Control Admini s t r a -  
t i o n  (NAPCA) plans t o  construct an on-site,  low-speed wind tunnel t o  determine 
the behavior of par t iculates  i n  stack gases. This i s  a par t  of their’  research 
e f f o r t  and f a c i l i t y .  
flow rates between 10 and 120 f t .  sec. 
the best combined design factors for  optimum configuration, wall e f fec ts  and 
s ize .  
judicious tha t  rlAPCA presented this problem t o  the TATeam. 
documents Liere located by the l i t e r a t u r e  search, and a Langley Research Center 
s c i e n t i s t  provided consultation t o  NAPCA. 
NAPCA enabled them t o  begin preparation of specifications to  issue t o  potential 
contractors fo r  construction of  the tunnel. 

The tunnel must permit measurement of par t iculates  a t  
Design c r i t e r i a  were needed t o  incorporate 

Since NASA had considerable expertise in wind tunnel engineering, i t  was 
Several useful 

Suff ic ient  information obtained b y  

Reservoir \Jater Col umn Density Measurement. A potential t ransfer  claim on 

The cl aim resulted essenti a1 ly 
water density measuretnent reached the prel irni nary t ransfer  stage. 
discussed in the previous sect! on on t ransfers .  
from IITRI TATeam l i t e r a t u r e  searches .I 

I t  i s  

-- Ultrasonic Torque llrench. Rivets a re  no longer used i n  building construe- 
t ion;  bolts are now the most common fastening device. 
building, i t  i s  highly important t o  insure t h a t  the bolts are tightened properly 
so tha t  the load on t he  beam i s  effect ively transferred.  
elaborate precauti oils are taken. T”Ieasurernents are often made t o  determine the 
torque on the bolts i n  the building. 
developed from mechanical principles,  i t  has been found t h a t  up  t o  75 percent of 
the torque measured can actually represent f r ic t ion  rather  than beam s t r e s s .  
A device using ultrasonic principles t o  measure torque was developed a t  tlarshall 
Space F1 i g h t  Center. 

For the safety of the 

To achieve this, 

With current methods that  have been 

A commercial firm obtained a l icense t o  fabr icate  copies of the ultrasonic 
torque wrench developed a t  Plarshall Space Flight Center. 
been able t o  see a prototype, l e t  alone t e s t  one. 
arrangements for a demonstrati on and t e s t  eval uati on. 
successful , the coinmerci a1 firm i s  equipped t o  manufacture and market this 
aerospace device i n  a model adaptable to  the building industry. 

However, i t  had n o t  
The TATeam was able to  make 

I f  the eval uati on i s  

A Low Cost, Reliable Fire -I_ Marninq Sj/stem for  Use i n  Residential Dwellings, 
Early smoke detection was one o f  the t o p  pribri  ty technslogi cal requi rements 
of the Operati on Breakthrough propram of H U D .  The requirement was underscored 
i n HUD’s Guide Cri t e r i  a for  Operati on Breakthrouqh de-- requi r i n g  t h a t  smoke 
detecti  on and a1 arm systems be i h m e d  i n  mu1 ti level .dwell i ngs  under the 
program’s sponsorship. 
f i r e s .  \(hen most f i r e s  begin, small amoutits of smoke are  generated. 

Approximately 12,000 1 i ves are 1 ost  each year i n home 

Smoke detection systems are commercially available a t  a cost of $50 t o  
$1 50 per roorn, which i s  t o o  h i g h  for  the niajori ty of home builders. Alternate 
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technological approaches for  a solution t o  this problem were developed by 
the TATeam in conjunction w i t h  members of the Hassachusetts In s t i t u t e  o f  
Techno1 ogy (HIT) Urban Systems Laboratory. 
sonic and u l t rav io le t  detection methods. A new polymeric material poly- 
phenlyacetylene, whose e lec t r ica l  properties change when i t  absorbs gases or 
par t iculates ,  was ident i f ied.  
trans i s to r ,  the polymer can measure the changi ng e l  e c t r i  cal properties ; i t  a1 so  
acts as an effect ive contaminant detection device. 
on the Voyager mission, the device operates on the principles of olfactory 
perception. lZcDonnel1 Do~gl as Corporati on i nventers o f  the detect i  on devi ce 
s t i  11 have a prototype of the device although i t  i s  n o t  in working order. 
TATeam i s  currently arranging for  i t s  refurbishment s o  t h a t  preliminary t e s t s  
can be made. 

Approaches i ncl uded i nfrared , ul t r a -  

When used as a coating on a f i e l d  e f f ec t  

Originally developed for  use 

The 

The ultimate price for the sensor, i t  appears, will be about $1-$10. 
ins ta l led  cost  has not yet  been estimated h u t  i s  expected t o  be s ignif icant ly  
lower than the current,  lowest priced uni t  on the market. 
would be s igni f icant  in t h a t  a great many homeowners could afford a detection 
system, and be t te r  protection would be available generally. 

The 

A low-cost device 

Fire Retardant CoatinqL. NASA; as a r e su l t  of i t s  in t e re s t  i n  heat ablat ion,  
has develoPed a new, h i q h l y  s table  c lass  of intumescent materials which can be 
formulatcd'as mastics by die addition of short  f ibers  of glass. 
designated Ames tiiastic 313 was developed by the Chemical Projects Research 
Office, Ames Research Center ( A R C )  as  a protective coating for bombs. 
e f fo r t s  for th i s  material began w i t h  ident i f ica t ion  of t h e  need for  improved 
mastics by the New York Sta te  Urban Development Corporation ( U D C ) .  
i s  currently supervising the construction o f  43,000 housing units. 

A mastic 

Transfer 

This group 

Because s tee l  loses i t s  s t ructural  strength early i n  a f i r e  (60 percent 
loss in strength a t  95OoF compared t o  70OF), some buildjng codes require 
compensating protection. b l i  chigan for  example, requires 1 hour  protection for  
s t ructural  s tee l  i n  school buildings; New Jersey requires 30 minutes, flastics 
( h i g h  viscosity,  pasty materials) are generally applied w i t h  spray equipment t o  
a thickness of the order of 0.5 inches. Cement i s  mastic material commonly used. 
Intumescent materials t h a t  swell when heat i s  applied, and form an insulating 
char layer are  also used as mststics. 

The potential solution t o  this problem, the ARC-developed Ames Mastic 313, 
was located t h r o u g h  contact betvreen the TATeam and A R C  on the general subject o f  
intumescent coatings, other t h a n  mastics. 
prepared and arrangements are being made w i t h  UDC f o r  testing of the material 
on actual s tee l  plates in accordance with the relevant UDC t e s t s .  The resul t ing 
t e s t  information will enable UDC t o  evaluate u t i l i t y  of th i s  material for  use i n  
the i r  program. I f  the material i s  u t i l i zab le ,  i t  would be a s ignif icant  s tep.  
Not only would large numbers o f  units be immediately protected, b u t  also a 
precedent would be s e t  f o r  use of this material in  many buildings throughout the 
country. 

A sample of the mastic has been 

A second area of f i re-retardant  coatings comprises intumescent paints. 
In order t o  f i reproof  i t s  space vehicles, NASA has developed a new class  of  
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intumescent paints tha t  eleminates undersirable properties.  
available for  some time, b u t  lacked desirable properties other than f i r e  protec- 
t ion.  
conditions ; do  n o t  have good color s tab i  1 i ty ; have pool- mechani cal properties ; 
and cannot accept pigmentation. 

Such p a i n t s  had been 

For example, these materials tend t o  be deactivated i n  h i g h  humidity 

The problem o f  f i r e  protection was given t o p  p r i o r i t y  by the Department 
of Housing and Urban Development ( H U D ) ,  Both  organizations were aware of the 
commercial intumescent paints b u t ,  because of the negative features were n o t  
making use of the materials. The TATeam has arranged with the National Associa- 
t i o n  for  Home Builders ( N A H B )  fo r  a f i r s t  opportunity t o  t e s t  the u t i l i t y  of 
the new NASA paints in connection with housing. NAHB has need t o  protect cer ta in  
p las t ic  parts from accidental f i r e s .  The t e s t  materials are being coated by 
NASA in preparation of t e s t s  a t  the NAHB in the near fu4xre a n d ,  i f  sa t i s fac tory ,  
a wide new range of application would open for  a NASA technology. 

Most r e s t  stops along major in te r -  
s t a t e  highways, which provide a place t o  r e s t  and e a t  and a comfort s t a t ion ,  a re  
located in rural  areas f a r  from a necessary sewage system, although e l e c t r i c i t y  
and gas are often available. !leans o f  handling sewaqe from the comfort s ta t ion  
must be developed t o  avoid  damaging the surrounding ecology. 
problem i s  common t o  a l l  s t a t e s .  
the Plontana Hi ghway Department. 

Sewage Processor for  Highway Rest Stops. 

T h i s  generic 
I t  was or iginal ly  presented t o  the TATeam by 

There are two methods currently fo r  sewage disposal a t  rural r e s t  s tops,  
Local heal t h  regul a t i  ons fo r  construct: on and  ground perimeabi l i  ty may rule  o u t  
sep t ic  tanks 01- leeching f ie lds .  The second method uses :ho ld ing t anks  and chemicals 
requi ring frequent servicing and transporti  n g  of sewage t o  a d is tan t  central 
processor. This i s  costly and there i s  objectionable odor. 

A potential sol ution which overcomes the drawbacks \of exis t ing methods i s  
the "Hydro-John" waste management system, being developed for  NASA, the U.S. Air 
Force, and the Atomic Energy Comission by the General Elec t r ic  Space Division. 
I t  was conceived as a waste dispoal system for  manned spacecraft  voyages of l o n g  
duration--on the order of 180 days. 
tha t  has primary in t e re s t  are currently i nvesti gati ng t he  technical and 
admi n i  s t r a t i  ve aspects of "down-to-earth" adaptation of this spacecraft system. 
A second application might be a modified adaptation t o  a wheel chair  for  use 
by retarded children incapable of normal control of body waste functions. 

Montana $15,000 in research funds. T h i s  amount had beea allocated t o  the f i r s t  
phase of a research program before the TATeam made infarmation available t o  the 
Montana tiighriay Department. The f i r s t  phase of the research program can now be 
e l  i mi nated. 

The contractor and the NASA Field Center 

The i n i t i a l  resu l t s  of  this preliminary t ransfer  hsve saved the State  o f  

Measuring Reflection Spectra of. Very Small Evi denc.e Samples. The Cali forni a 
Criminal Identification a f d  Investi aation Bureau (CII) sresented t o  the SRI 
TATeain a 
i denti fy 

problem common t o  a l l  c r i m ~ n a l i s t i c  laborator iks .  
an object by analyzing a small par t ic le  of matzrial , fo r  examples 

Essentially,  i t  i s  t o  
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identifying an automobile from a small paint scraping l e f t  by an accident. 
s i ze  of the paint sample may vary from one to  several square centimeters. 
has been practice t o  make a visual comparison w i t h  s e t s  of manufacturers' 
standard paints supplied by means of a binocular microscope. 
frequently d i f f i c u l t  and sometimes impossible. 

The 
I t  

Comparison i s  

A NASA s c i e n t i s t  a t  Goddard Space Flight Center suggested measuring the 
reflectance of small samples in spectrophotometers which use an integrating 
sphere. 
microscope objective a t  the focal point; the microscope objective conveys the 
illuminating beam t o  the sample and returns the reflected l igh t  to the integrating 
sphere . 

In place of the ususal sample, a plate  i s  inserted carrying a standard 

This solution has been accepted by the CII. Paint samples obtained from 
vari ous crime 1 aboratori es were gi ven t o  the NASA sci  enti s t fo r  tes  t i  ng . 
Feasibi l i ty  t e s t s  were successfully concluded in illovember 1970. 
adapti ve engi neeri ng wi 11 be wqui red to  develop a prototype piece of hardware. 

Additional 

Time and money can be saved by u s i n g  the proposed instrument, For example, 
i f  250 court cases can be eliminated where the accused plead gui l ty ,  because 
the police have unquestionable physical evidence supplied by th i s  equipment, 
the savings may be as  much as $1,000,000 in laboratory, investigative,  legal ,  and  
court costs .  

Simple -- Nethods of Analysis for Pletalsi and -_I___ b t a l  Products. -- A problem common 
t o  cr i  mi nal i s t i  c 1 aboratori es i s i nab i  1 i ty  t o  qui ck'ly i dent i  fy the metal 1 i c 
composi t i  on of objects t o  determi ne thei r source For example ob1 i terated s e r i  a1 
number p la tes ,  tool marks, and bomb fragments must be ident i f ied t o  determine wha 
the manufacturer i s .  
in many 1 aboratori es . 

Spectrographic techniques are useful b u t  are n o t  available 

Langley Research Center s c i en t i s t s  developed a wet chemical qual i ty  
assurance technique t o  assure quali ty fabrication of hardware and maximum safety 
t o  personnel in various HASA programs. The technique i s  re la t ive ly  nondestructive; 
i t  consumes o r  a f fec ts  an amount of material equivalent t o  tha t  removed by a 
smooth f i l e  or  cleaning w i t h  an abrasive. The  technique uses standard chemicals 
and i s  rapid, t a k i n g  less  than 1 hour. 

The S a n t a  Clara County (California) Criminalistics Laboratory has carefully 

Before a final decision can be made, 

evaluated the publications describing this technique (Tech Brief 70-10520 and 
Technical S u p p o r t  Package TSP70-10520) and has s ta ted  tentat ively t h a t  the 
technology appears t o  sa t i s fy  t h e i r  needs. 
standard reference metals must be established as checks. 

Fingerprint Image _1-1- Enhancement. Fingerprint records generated a t  f i e ld  
s ta t ions  in New York are transmitted t o  the central repository, the New York State  
Identification and Intelligence System (NYSIIS) by facsimile equipment. The 
NYSIIS estimates tha t  more than  60,000 pr ints  are  so handled each yearg and t ha t  
a b o u t  40 percent of  the pr ints  become i l l e g i b l e ,  smudged, o r  dis tor ted d u r i n g  
th i s  14-minute transmission on the facsimile c i r c u i t .  It would be advantageous 
t o  law enforcement authori t ies  i f  these poor qual i ty  pr ints  could be restored t o  
a readable s t a t e .  
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While investigating this problem the IITRI TATeam was made aware of a 
computer processinq method t h a t  could be applied t o  enhancing the de ta i l s  i n  
photogra.phs.  
used t o  enhance the detai l  of photographs taken during space probes of the 
Moon and other planets. 
enhancement of rredical X-ray pho tographs .  I t  appeared reasonable t h a t  this 
method ~ o u l  d be appl  i cab1 e t o  sharpeni ng dis tor ted facs i m i  1 e-transmi t t ed  
fingerprints.  

t h i s  method, developed by the J e t  Propulsion Laboratory, has been 

I t  has proved applicable t o  other problems, such as the 

The potential solution has been presented t o  and accepted by the NYSIIS 
as a possible solution t o  the problem. 
have been made available t o  the JPL for processing. I f  the l eg ib i l i t y  of the 
fingerprints i s  successfully restored, e f fo r t s  will  be made t o  a d a p t  the method 
t o  the i4YSIIS system. 

Cards containing meaningless f ingerprints  

The benefits from solving this problem are not limited t o  restoring the 
l eg ib i l i t y  of unreadable o r  distorted f ingerprints .  Since 40 percent of the 
annual vol uine o f  transmitted fingerprints must be retransmitted, such a solution 
will eliminate almost 6,000 hours of  facsimile machine and operator time. 

Metal Detector. An SRI TATeam problem closely tied t o  current events i s  
on "tletal D c ? t F c ~ " ,  An  e f f i c i en t  system for  detecting and locating metal 
objects,  par t icular ly  g u n s ,  i s  obviously required for  a multitude of uses. 
a i r  transportation, a primary need has been established for the detection o f  
certain metal 1 i c objects prior t o  passengers boarding a i  rpl anes. 
courtroomS recent events show t h a t  a detection system may be necessary f o r  use 
on persons enteri  ngthe courtrooin. 

In 

Ln a Cal -i forni a 

A m t a l  detection system developed by the A i e s  Research Center ( A R C )  can 
search people inconspicuously when they enter  areas where metal 7 i c objects are 
prohibited. 
detector sensi t ive t o  b o t h  ferrous and  nonferrous metal 7 i e: objects. The signal 
voltage resul t ing from disturbance of an electromagnetic f i e l d  within t he  
volume of the sensi t ive area i s  compared w i t h  a reference voltage for polarity 
information and thus i denti f i  es the materi a1 
indicate the approximate s i ze  and type o f  metal respectively. The system i s  
insensit ive t o  metallic objects below a specif ic  s i ze  and i t s  o u t p u t  i s  
independent of the speed with which an object moves past the detector.  
output may be signalled by l i gh t s ,  by an aural .  alarm, o r  by a char t  recorder. 

The detection -is acconipli shed by a phase-sensitive (polar i ty)  

O u t p u t  amp7 i tude and pol a r i  ty 

The 

This system has been successfully demonstrated t o  representatives of San 
Mateo County (Cal i forn ia) .  
ins ta l l ing  the device in a county courtroom for  a 6-month t e s t  period. 
SRI TATeam, ARC s c i en t i s t s  and county personnel are conti m i  ng t h i s  cooperati ve 
venture 

County authori t ies  have indicated an i n terest  in 
The 

Continuous Measurement of the Part iculate  Backqround and Soiirce o f  
Atmos .heric Particulates.  A device with a potential o f  mi2asur-i ng the mass of 
d e ~ f t ~ 6 - i i % - s - o f  a real time basis was developed for the NASA Marshall 
Space F1 i y i l t  Center for  the Apol70 Telescope Eli ssion. I t  measures par t iculate  

__I__c_ -----I ___I-~dI_c__I--- 
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mass using a qua r t z  crystal  microbalance. The change i n  mass caused by impact 
of par t iculate  matter on the crystal surface changes the resonant frequency of  
the osc i l la t ing  c rys ta l .  
resonant frequency of  a reference c rys ta l ,  
par t iculates  s t ick t o  the crystal  surface on impact. 
par t iculate  inass in real time, thus may serve to  determine the vola t i le  content 
of aerosols. I t  will  be demonstrated t o  the Bay Area (San Francisco) Air 
Pollution Control D i s t r i c t ,  having been located by the SRI TATeam i n  response 
t o  a circulated problem statement. 

Extendable Retractable Boom. A search fo r  a device to  actuate automatic 
garage doors with increased r e l i a b i l i t y  and a t  reduced cost  has located a 
potential solution which has been accepted by the Problem Originator. Uses 
i ncl ude' homes, f i r e  s t a t i  ons f re ight  depots and other muni ci pal bui 7 dings. 
Several HASA-devel oped extendable/retractable booms were 1 ocated by the ABT 
TATeam through l i t e r a tu re  searches, one of which was a c i rcu lar  cross section 
type developed for NASA by Llelpar, Inc. Another was a t r iangular  cross section 
type developed b u t  no prototype was b u i l t  a t  the J e t  Propulsion Laboratory and  
described i n  Tech Brief 65-10101. This i s  the device currently under considera- 
tion by the Problem Orig ina tor ,  who i s  interested in  developing a prototype fo r  
fur ther  evaluation. 

The change can be measured by comparison w i t h  the 
A s i l i cone  adhesive fi lm insures t h a t  

This instrument can measure 

Measurement of the Osmo-Regulation of Blue Crabs,  Since the blue crab i s  
impor tan t  as a commercial source of  food i t  i s  importawt t h a t  we understand the 
e f fec ts  of  pollution on the crab. 
t o  monitor the adjustment of the internal environment o f  the crab as a function 
of  external environmental changes. This can be accomplished t o  some extent by 
monitoring the conductivity of  the ci rculat ing nu t r i t i ve  f luid o f  the crab. 

A means o f  obtaining an understanding would be 

T h e  present approach t o  this problem has been t o  s ac r i f i ce  the crab t o  
get enough f lu id  t o  use s tandard  laboratory procedures for making conductivity 
measurements. 
must be used t o  obtain data w i t h  reasonable confidence l imi t s .  

One measurement requires one crab. T h u s  a large number of  crabs 

A system designed by researchers a t  the NASA Langley Research Center will 
eliminate the need for large numbers of crabs and wi 11 permit obtaining more 
t h a n  one masurement per crab. 
conductivity probe, power supply, s i g n a l  condi t i  oni ng electroni cs and a telemetry 
transmitter.  The en t i r e  package weighs 2-3 ounces and i s  one square inch in 
s ize .  An impor tan t  feature i s  the a b i l i t y  o f  the system to  transrriit t h rough  
several f e e t  of s a l t  water. 

This system consists o f  a microminiaturized 

A breadboard model has been demonstrated t o  the Pmhlem Originator who i s  
now eval uati n g  the resul t s  . Successful appl i cation of  t h i s  system w i  11 enable 
the Problem Originator t o  generate a greater quantity 0.f r e a l i s t i c  physiological 
data over a shorter period of  time using a smaller sample s ize  than has been 
possible in the past. The resul ts  o f  t h i s  research would be applicable t o  
development of meaningful regulations fo r  allowable pollution levels in  
estuarine waters e 
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OTHER TATEAM ACTIVITIES 

The BAT/TAT Conference, A j o i n t  BAT/TAT Conference was held l a t e  i n  
June w i t h  representati ves attending from each teams NASW/TUD, the NASA Regional 
Dissemination Centers ( R D C )  and George Washington University (GNU). The 
goals o f  t h i s  Conference were: 

a. 

b. 

C .  

d .  

e .  

f .  

I1 . 

Establish a consensus of  the role the team is  t o  play in in te r -  
actions w i t h  the Problem Originator and the solution source. 

Restate the program goals i n  terms of program v i s i b i l i t y ,  
relationship to  national goals and the operational goal of  
hard t ransfers .  

Develop an understanding o f  the program's requirements in 
terms of  applications engineering and s teps  t o  be taken t o  
secure NASA assistance.  

Develop an understanding o f  what const i tutes  a potential t ransfer  
and the steps necessary to  get t o  the t ransfer  stage. 

Develop an understanding o f  what a t ransfer  is  and how a 
t ransfer  may d i f f e r  from other forms of technology movement 
across l ines .  Diffusion and s c i e n t i f i c  arsd technical information 
exchanges are examples o f  other forms. 
for  documentation, 

Restate the requirements 

Understand the purpose fo r  a search. 

Understand the requirement for  operational1.y valid acceptance 
c r i t e r i a ,  a c lear  and concise statement of the problem, and an  
understanding of  the' speci f i  c technologi call requirements. 

Discussion o f  the program goals and problem-acceptance 
c r i t e r i a  in terms o f  the place of  the team and the RDC i n  
i nforma t i  on di ffus i on. 

The conference was successful in terms of the goals outlined. A 
detailed report  was prepared by GWU covering the material discussed and 
the directional implications of the conference. I t  was given t o  a l l  attendees 
by NASA/TUD. 

: The International City Managers Association (IC!lA)/AASA Conference. The 
ICMA and I.IASA/TUD entered i x a  j o in t  pronram i n  July t o  u t i l i z e  NASA- . -  
techno1 ogy i n developing solutions t o  pressing urban  problems. 
program was planned as a j o i n t  e f f o r t  in whicl! c i ty  representatives would 
develop prel i m i  nary statements of  thci r problems. 
atives were t o  evaluate the problem statements and seleck problems fo r  NASA 
considerati o n ,  When a potential solution was presented by NASA, the panel 
would eva'luate the solution, and return i t  t o  one or more c i t i e s  for fur ther  

The i ni t i  a1 

A panel of ci ty  represent- 
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evaluation and possible adaptation t o  t h e i r  problem. An overall coordinator 
for  the c i ty  portion of e f f o r t  would be selected by and work i n  the ICklA 
headquarters 
important role  i n  the NASA e f fo r t .  

The NASA TATeams parti  cul ar ly  the ABT TATeam, would play an 

Before i n i t i a t i n g  the programg i t  was evident t ha t  c i t y  personnel had 
t o  become familiar with NASA and with the methodology used i n  the NASA TATeam 
program. 
Center (KSC) , October 22-23, w i t h  the I<SC Techno1 ogy Uti l i  zation Office (TUD) 
acting as host. 
conference goals. 
t h a t  made the conference successful can be at t r ibuted t o  the AET TATeam w i t h  
assistance from TUD and GldU.  
technol ogical ly oriented personnel attended, representing a total  population 
of over 17 million. 

To accomplish this,  a conference was held a t  the Kennedy Space 

lluch o f  the preliminary planning and on-scene e f for t s  
The conference was successful and helped toward a t ta ining 

Nearly 100 c i ty  manauers (ICMA) and t he i r  

The main purpose of  the meeting was t o  introduce ICF,!A people t o  the 

The conference included a VIP 
potential of NASA-generated technology and t o  describe a means of assessing 
tha t  teclinoloaj i n  erms of requirements. 
tour of  the KSC f a c i l i t i e s ,  followed by two days of lec tures ,  question and 
answer sessions and problem solving seminars. The overall program goals 
were t o :  

a. Develop an active experimental program t o  identify and apply 
aerospace technology relevant t o  urban problems. 

b. Improve the pol i c-i es I s t ra teg ies  , and method01 ogi es of 
technol q y  t ransfer  i nto the urban envi ronment. 

c .  Assess program contributions, impact and effectiveness 
i n  helping c i t i e s  meet t h e i r  developing needs f o r  technology. 

The AET TATeam developed, as a follow-up, a procedural phased chart t o  
depict the various steps in the ICHA/NASA technology t ransfer  e f fo r t .  
chart  i s  shown in Figure 3. A verbatim report  o f  the conference i s  being 
prepared for TUD by GllrU. 

The 

The conference participants commented generally t h a t  most c i t y  govern- 
ment people were interested i n  the same areas t h a t  the FIASA TATeams are working 
i n  a t  t h i s  time. 
waste management mass transportation urban renewal and law enforcement. 

City in t e re s t  i s  essent ia l ly  i n  water pollution, solid 

Urban Devel onment Appl i cat! ons Team; Federal /State Agency Cooperati ve 
Efforts. _ _  Two s'i gni f i  cant actTvi t i  es are  h i  gh l  i ghted i IT the urban  development 
e f fo r t .  

a .  The ABT TATeam and the Department of Housing and Urban Development 
( t 4 U D )  have agreed informally t h a t  i t  would be beneficial t o  b o t h  
i f  one o f  the TATeam's members would work par t  time direct ly  with 
HUD's Office of  Science and Technology. The designated team member 
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FIGURE 3 

OUTLINE OF THE TECHNOLOGY TRANSFER FROM NASA ,TO THE CITIES 

CITIES I CMA NASA T.A. TEAMS 

Appropriate  A1 t e r n a t e  
Techno1 ogi ca l  Approach 

---- 
of Best So lu t ion  t i o n  t o  C i t i e s  

' 
! Lvs tem S ~ e c s  and E v a l u a t i o d  

Determinat ion o f  Final  

of Necessi ty  f o r  Applica- 
t i o n s  Ensi neer i  nq wi t h  ' I  

! 
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will be located a t  H U D  fo r  the spec i f ic  purpose of f ac i l i t a t i ng  
problem ident i f icat ion and providing rapid response. 
m e n t  will enable the TATeam t o  identify problem early w i t h  higher 
spec i f ic i ty .  I t  wj l l  a l so  fur ther  development of  the experimental 
aspects o f  the TATeam program. 

This arrange- 

b. Closer cooperation has developed between the TATeam and the New 
York State Urban Development Corporation ( U D C ) ,  
major responsibil i ty and complete and continuing authority for 
development of hous ing  projects from land acquisit ion t o  f inal  
construction. With th i s  comprehensive responsibi l i ty ,  the UDC 
can adapt innovations t o  projects ,  even when innovations may n o t  
comply with, o r  d i f f e r  froms exis t ing housing codes or zoning 
regulations. Consequently, cooperation w i t h  UDC provides a fortunate 
opportunity t o  introduce concepts which i n  the past might n o t  have 
received consideration, regardless of  merit. 

The UDC has the 

NASA Technology/Urban Construction Conference. A seminar conducted by 
I t  was directed toward fact 1 i t a t i  n q  the ABT TATeam proved t o  be o f i  qni f i  cance. 

t ransfer  o f  teciinol ow t o  the h o u s i n g  construction i ndustry and determining 
the barr iers  t o  t ransfer .  
together various interested industry representatives and NASA technologists 
t o  introduce specif ic  I'IASA technology by presenting a basis on which t o  
decide on fur ther  pursui t of technology applications . 

- 
To accomplish these goals, the ABT TATeam b r o u g h t  

The purpose of the seminar was t o  determine: 

a.  How can NASA aerospace technology be used to  help solve urban 
construction problems? 

b. What are the major barr iers  t o  technology t ransfer?  

c. Can small conferences and seminars break down some o f  these 
barr iers  and f a c i l i t a t e  the t ransfer  process? 

Two NASA technol ogi cal areas provided d i  r ec t i  on f o r  the seminar: f l  a t  
conductor cab1 e technol ogy and the appl i cation of polyurethane spray foam. 

Laterg the seminar was evaluated as an e f fec t ive  means of  accelerating the 
t ransfer  process. 
based on i t s  experience. 
made are  recorded by the ABT Associates, Inc. in the publication, "The 
Appl i cation of NASA Techno1 ogy t o  Urban Construction , I i  of  May 1970. 

The ABT TATeam has made recommendations for future seminars 
The seminar tha t  was held and the recommendations 
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SUPPORT I PI G ACT I V IT I E S 

A number o f  ac t iv i t i e s  are carried o u t  to  strengthen the overall 
Appl i cati  ons Team e f fo r t .  
here br ief ly  t o  help provide a well-rounded picture of the Program, 

These speci a1 studies and projects are  descri bed 

94ational Academy of -I Engineering. The NAE's Committee on the Interplay o f  
Engi neeri ng  wi th Bi ol ogy and Medi ci ne (CIEBM) has undertaken, through i ts  
Subcornmi t t e e  on Technology and Systems Transfer (chaired by Dr. David Rutstein, 
Harvard Uedi cal School ) a "Study of Aerospace Technol o g  Uti l i  zat i  on in the 
Civilian Biomedical Field." This i s  a one-year NASA-sponsored e f f o r t  designed 
to :  

e Identi fy Aerospace E n y i  neeri ng Techno1 ogy which appears re1 evant 
t o  speci f i c  techno1 og i  cal requi rements i n the  biomedical f i e l d s  

. Re1 ate  the b i  omedi cal requi rements t o  i denti f i  ed engi neeri n g  tech- 
nology in a manner S Q  as t o  f a c i l i t a t e  follow-on a c t i v i t i e s  by 
the NASA a t  i t s  option. 

, Provide expert professional advi  ce concerning i n i  t i  a t i  on of spec- 
i f i  c projects i denti f i  ed i n the precedi ng acti vi t i  es.  

Identify and recommend to  NASA interfaces  w i t h  mission-orientdd 
organizations t h a t  will contribute to  fur thar ing the goal, on a '  
continuing basis 
b i  omedi ci ne e 

. 
o f  t ransferr ing engineering technology to  

After an ini t i  a1 fami 1 i ar i  zat i  on period 
-- ad hoc Groups t o  focus their study e f fo r t s  on the areas of  cardiovascular --- care ,  
pulmonary cares  and ~ - -  remote diagnosis and treatment. 
statements of medical problems within thei r spec-i a1 i t i e s  as they pertain t o  
the delivery o f  health care; the problems will be ranked on the basis of 
appropriate c r i t e r i a .  
technology within IIASA and  those o f  other agencies tha t  c o u l d  have impact on the 
problems delineated. Finally, they will  specify which technological developments 
h o l d  potenti a1 re1 a t i  ve t o  problems 
then suggest t o  NASA specif ic  means to  begin the process of t ransfer .  The f inal  
resu l t s  of t h i s  study will furtr'rer improve the focus o f  current  Biomedical 
Appl i cations Team e f fo r t s  and help t o  ident i fy  s ign i f i can t  new transfer  opportuni - 
t i e s  of biomedical importance. 

the Subcorrnii t t e e  created three 

T h e  groups will  develop 

The groups w i  11 then eval uate current  projects and 

b u t  t h a t  requi re  f w t h e r  reengi neeri ng 

George Washin t o n  University. The Biological Sciences Communication 
Project 
Technol ogy Uti 1 i zat i  on Office since 1965, t o  provide technical and analytical 
assistance t o  the Biomedical Applications Team Program. 
was expanded t o  include the Technology Applications Team which were working 
with pub1 i c sector agencies. 

BSCP o f  the G.W.U. INedrcal Center has been under contract  with PIASA'S 

In  1970, t h i s  project 

The BSCP ' s Techno1 ogy App i cations Group provi des 
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NASA w i t h  continuing general system suppor t  fo r  the qua l i ta t ive  and quan- 
t i  t a t i ve  analysis of the Application's Team Program. 
of various aspects o f  the technology t ransfer  process aid in the deisgn and 
evolution of improved t ransfer  systems. The BSCP supplements the problem 
ident i f icat ion task  of the NAE Subcommittee by investigating and cal l ing 
t o  the attention of NASA s igni f icant  problem areas for  the en t i r e  Applications 
Team Program. When required, the BSCP recommends t o  NASA appropriate in te r -  
faces w i t h  agencies or organi zati  ons capable of identi  fying new problems or 
t o  further the NASA technology t ranfer  e f fo r t s .  

W.H. Clingman and Co. Dr. Clingman and his associates have conducted 
two studies fo r  NASA's Technolog1 Util ization Office. The f i r s t  study was 
a detai ?FCI c o r m i n i c a t i  on-oriented analysis  of the Problem Statements pre- 
pared by the Applications Teams. 
"Guidelines for  the Preparation of Problem Statements," which defined i n  
detai l  and i 11 ustrated the necessary content of Problem Statements. The 
Gui del ines a lso suggested techniques for  Problem Statement preparation. 
second e f f o r t ,  "A Study of  NASA Literature Search Strategies  ) I '  was a three- 
phase study and 1 i terature  search experiments. I t  investigated several anomal i es 
i n  the Applications Team's l i t e r a t u r e  searching t h a t  wa5 conducted by the 
Regional Dissemination Centers. The study recommended ai number of pro- 
cedural innovations designed t o  improve the Program's a b i l i t y  to  e f f i c i en t ly  
access the 750,000 documents in the NASA Aerospace Data Bank. 

Detailed monthly reviews 

This study resulted i n  a special publication, 

The 

Sensory Aids Study. The Gattel l e  Memorial Institute conducted a four- 
m o n t h  study designed TC identify current technological requirements w i t h i n  
the area o f  sensory aids.  
technology and capabili ty,  were presented t o  NASA in a Special Report. 
The focus of t h i s  e f f o r t  was OM improved aids fo r  the visually handicapped, 
which include the blind as we11 as the pa r t i a l ly  sighted, Several new areas 
of Program e f f o r t  have resulted from this study. F i r s t ,  the Special Report 
was dis t r ibuted to  a l l  NASA f i e ld  center Technology U t i l i z a t i o n  Offices to  
identify relevant NASA technology and expertise which rri-ight contribute t o  these 
requirements As a r e su l t ,  the Langley Research Center has begun fabrication 
of an improved lightweight cane. The Goddard Space Flight Center has begun 
t o  evaluate the f eas ib i l i t y  of u s i n g  a hand-held gyroscopic device t o  provide 
a reference system t o  permit a blind person t o  cross a s t r e e t  in a s t r a igh t  
1 i ne. Fi nal ly the Nati onal Ins t i  Lute of Fkurol ogi cal Diseases and Stroke 
has indicated a strong in t e re s t  in the statements of tecRnoloSy requirements fo r  
the handicapped and i n the NASA techno1 ogy a1 ready appl i ed o r  potenti a1 ly 
applicable t o  t he i r  (NIiIDS's) problems, Relevant NASA technology i s  being 
subjected t o  a coordi nated review by NINDS and NASA's Techno1 ogy Uti 1 i z a t i  on 
Office. 

These requirements, as well as relevant NASA 

Biomedical Problems Survel. The General Research Csrpora t i  on, Washington 
D.C.  Office, conducted a five-nionth study designed t o  ident i fy  current sign- 
i f i  cant e f fo r t s  in b o t h  biomedi cal research and cl i ni cal medi ci ne for  which 
technological and/or  engineering contributions were needed. The study focused 
on those e f fo r t s  which are being carried out in an i nterdi sci  pl i nary context, 
where physicians are working closely w i t h  engineers and physical s c i en t i s t s  
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toward the sol uti on of b i  omedi cal engi neeri ng problems a 

were covered i n  t h i s  exploratory survey: 
E i  g h t  major areas 

a e Arti f i c i  a1 organs and ass i s t i  ve devi ces 

b o  Automati on o f  cl i ni cal 1 aboratori es 

c. C1 i nical i nstrumentaation 

d. Hospital information systems 

e e Medi cal t e l  ecommuni cation 

f .  Intensive care p a t i e n t  monitoring 

g o  Multiphasic health tes t ing  screening 

h .  Prosthetics,  sensory aids ,  and rehabi l i ta t ion 

The specif ic  problem areas ident i f ied will  be used t o  compare with 
current Biomedical Application Team problems, and serve as a basis t o  re- 
a l locate  program focus i f  i t  appears desirable.  

Cyber, -- Inc. Cyber, an information systems firm, is deeply involved in 
hea.1 t h  information systems desi gn .  
t o  identify HASk technology pertinent t o  hospital needs i n  the areas of 
pat ient  tnoni toring, hospital informati on systems and general management 
techniques/systems. The fivlal o u t p u t  of this study will document the ident i f ied 
technological requirements and relevant NASA technology i n  these three areas. 
The study resul ts  wi 11 be used t o  i 11 ustrate  t o  interested admi ni s t r a t i  ve and 
medical hospital personnel the potential for  use of NASA technology in the i r  
environment. I t  i s  expected t h a t  th i s  exposure t o  useful technology will  
motivate more active acceptance o f  this technology in tile hospital milieu. 

Recently i t  undertoak a five-month study 

Biomedical Applications Engineering. The University of Virginia 's  
Division of Biomedical Enaineerina i s  DarticiPatina w i t h  NASA's Office o f  
Techno1 ogy Uti 1 i z a t i  on i n i  smal 1 -scale' pi 1 o t  project  t o  mdi fy 
selected aerospace technoiogy for  application to  biomedical problems. The 
University was already cooperating with I'IASA under the Sustaining University 
Prograni and was a1 so  devel op ing  capabi 1 i t i e s  i n  an appl i ed medi cal engi neeri ng 
program. The objectives of t h i s  project are t o :  

, Assess the general f eas ib i l i t y  of adapting aerospace technology 
t o  meet the technological needs of specif ic  biomedical problems. 

Review specif ic  bioengineering end i tenis requirements for  
bionledi cal needs and assess the relevant capabi l i t i es  of 
identi f i  cd aerospace techno1 ogi es and the degree of adapti ve 
engi neeri n g  required t o  match the technologies w i t h  the re- 
qui rements. 

. 
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. Carry o u t  a limited number o f  biomedical applications engineering 
projects as selected by NASA,. the Biomedical Applications Teams, 
and the Division o f  Biomedical Engineering of the University o f  

' Virgi ni a.  

e Identi fy where appropriate, comerci a1 /i ndustri a1 capabi 7 i t i  es 
which might serve t o  adapt aerospace technology t o  meet biomedical 
requi reiiien ts . 

A number o f  bi o w d i  cal appl i cat i  ons engineering project candidates were 

All of the project candidates are  based on biomedical problems 
revievied and several p i l o t  projects were in i t i a t ed  d u r i n g  the f i r s t  year of  
t h i s  e f fo r t .  
accepted and defined by the NASA Bi omedi cal Appl i cations Team Program. 

The f i r s t  techni cal project currently nearing completi on i s  a prototype 
implantable rethral  valve designed by an aerospace engineer in response t o  
a spec-ific need expressed by practicing urologists.  The construction o f  an 
improved devi ce for monitoring pat ient  respiratory patterns i s  a lso neari ng 
completion and two prototypes will be delivered t o  Problem Originators for  
cl  i n-i cal tes t ing.  

A low cos t ,  pressure tranducer calibration system is also t o  be studied 
and constructed. This system will meet a need generated by the growing use 
of indwell i ng and external pressure transducers used f o r  pati ent monitoring i n 
both small and large hospitals,  Previous devices for calibrating and checking 
the response of these pressure monitoring devices have been e i ther  expensive 
or -imprecise. ' 

Valuable experience has been gained from th i s  p i l a t  project .  
w i t h  specif ic  technical end Jtems for  b-iomedical use, i t  i s  expected that  
the general experience in this area, which w'ill be documented, will  be 
of value in the broader context o f  the bioengineering comunity. 

Along 
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CONTINUING AREAS OF PROGRAM EMPHASIS 

- As pointed out i n  this report ,  the N k A  sponsored Applications Team 
Program has focused on establishing systematic mechanisms t o  ensure a 
continuing and viable e f fo r t  for  the application of  aerospace technology t o  a 
wide range of  society 's  problems. 

In order t o  fur ther  enhance the Program's effectiveness the Technol ogy 
Uti 1 i za'ci on Offi ce w i  11 continue t o  place speci a1 emphasis 
methodological areas. These areas are discussed below, 

PKOBL€r,l FOCUS AM5 ACCEPTANCE CRITERIA 

-- 
in a number of 

The Biomdi cal and Technol ogy Appl i cations Teams have 
acceptance c r i  t e r i  a perti  nent t o  thei r par t icu lar  areas o f  
Exwrience has shown that  a l l  of  these c r i t e r i a  s h o u l d  no t  

devel oped problem 
transfer  e f fo r t s  
be applied t o  

eaih problem considered for  acceptance. 
emphasize those factors which help ensure t h a t  the Problem Originator has the 
ab i l i t y  and resources to  effect ively use the technology which has been iden- 
t i f i e d  as a solution to  his problem. 
avoi d the p i  t f a l  Is o f  providing a Problem Ori gi n a t o r  w i t h  techno1 ogy which 
he cannot fur ther  develop or apply or of  di lut ing Program resources by 
working with i nappropri a te  Problem Originators . Thus, the teams wi 11 continue 
t o  obtain in-depth problems primari l y  from Problem Ori ginaLors with an inhouse 
capabili ty t o  perform required applications engineering or from those Problem 
Originators who have access t o  external agencies wil l ing t o  fund  t h i s  
engineering phase. An example of the f i r s t  case i s  in the are o f  mine safety.  
The Bureau o f  Hi nes perfoms necessary appl i ca t i  ons engi neeri ng and techni cal 
evaluation of solutions developed for  their problems. 
of the Law Enforcement Assistance Administration (LEAA) t o  the many local 
1 aw enforcement agencies and the wi 11 ingness of  LEAA t o  fund appl i ca t i  ons 
engineering serves as an example o f  the second case. 

In every case, howeverg the teams 

This emphasis will  be continued t o  

The relationship 

Additional l y  , the teams w i  7 1 continue to  emphasize the acceptance of  
those problems which can be described as generic. 
describe the generic problem as a major problem area consistinq of many 
technological sub-problems. I t  i s  a t  the sub-problem level t h a t  technology 
t ransfers  are completed. 
t ransfers  a t  the sub-problem level will lead t o  eventual solution of the 
generic problem. This generic focus i s  emphasized as the major means of  
maximi z i  ng t h e  total  pub1 i c impact o f  the Technology Appl i cat i  ons Team Program. 
Close working relationships with authori ta t ive groups and mission agencies 
will  continue t o  provide valuable guidance in t h i s  area. 

In this respect the teams 

Focus on the generic problem area and the resul tant  

INTERACTION NITH NASA FIELD CEflTERS 

One of the important developments of the Proqram' s experimental facet  
i s the increasing awareness t h a t  comuni ca t i  ons between the teams and the 
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NASA Field Centers require continuous nurturing. A corresponding development 
i s  the recognition of a need for d i r ec t  and personal cormunication between 
the Problem Originator and the NASA s c i e n t i s t  or engineer who has knowledge 
of a potential solution. These two communication factors have led the teams 
t o  develop a more intimate relationship w i t h  both the Field Center personnel 
and the Problem Originators, resul t ing in improved Team famil iar i ty  w i t h  
the aerospace technology w i t h i n  a par t icular  Center. T h i s  knowledge enhances 
the team's a b i l i t y  t o  develop a solution t o  a problem e a r l i e r  in the t ransfer  
process. 
philosophy such as t h a t  of Research Center personnel experienced i n  the area 
of f i r e  retardant paints and foams, a subsector of the f i r e  safety generic 
problem area,  with the teams. 

A number of harmonious relationships have developed from th is  

T h e  personal communication aspect of the technology t ransfer  process wi 11 
continue t o  he emphasized as an -important element of  the Applications Team 
Program i n  the future.  This  will help t o  shorten the time interval between 
recognition of a problem and presentation and review of  a solution and will  
ensure the most effect ive use o f  the Applications Team resources. 
benefit of this emphasis will  be i n  the area of  problem statement preparation: 
the overall quali ty of problem statements will  be enhanced by improved 
knowledge of the techno1 ogy avai 1 a le  the personnel i nvol ved, and the Problem 
Orl' g i  n a t o r  ' s speci f i  c requi remeRts. 

An additional 

APP L I CAT I ONS EN G I NE E K I N G 

As discussed earl  i e r ,  the t a s k  o f  appl i cat i  ons engi neeri ng i s necessary 
t o  e f f ec t  transfers in cases where the Problem Originator lacks the capabili ty 
or f a c i l i t i e s  t o  reengineer technology which i s  a potential solution t o  his 
problem. 
the Program, b u t  emphasis will be placed on helping f a c i l i t a t e  applications 
engineering for  ident i f ied solutions w i t h  considerable impact in generic 
problem areas. 
e f f o r t  between government agencies, such as between NASA and LEAA. Another 
source of cooperati ve appl i cat i  ons engineering e f f o r t  is t h a t  currently 
developing between NASA and the Bureau o f  Standards in  the area o f  l i f e  
suppor t  systems for  firemen. Yet another possible applications engineering 
resource i s  FlASA i t s e l f .  
in the Program's evol uti on each potenti a1 sol u t i  on requiring appl i cations 
engineering i s  treated on an -- ad hoc basis.  
Lions engineering as required t o  e f f ec t  high-impact technology t ransfers .  
Applications engineering i s  general ly  not attempted f o r  1 ow-impact problems 
o r  for technology which has n o t  reached an acceptable level o f  development 
past the conceptual stage.  

Applications engineering i s  n o t  a separate or even major p a r t  o f  

One desi rable means o f  appl i cat i  ons engi neeri ng i s cooperative 

However, i t  i s  important t o  note t h a t  a t  t h i s  stage 

Emphasis will be placed on applica- 

INFORMATION SEARCH STRATEGIES 

Another outgrowth of the experimental facet  of  the Appl i cat i  ons Team 
Program i s  the development of a nethodology for  searching the NASA d a t a  bank 
for  l i t e r a t u r e  pertinent t o  a problem and i t s  solution. 
Program the 1 i teraturc  searches were less  productive than anticipated because 

Early i n  the 
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the aerospace "da ta  bank" was devel oped t o  locate speci'fi c informati  on fo r  
aerospace use. 
well for the Applications Teams. 
locate aerospace technology t o  be applied to  a non-aermpace problem by 
searching on the basis o f  technological terms remote fmm the aerospace f i e l d ,  
A search strategy must therefore be developed so tha t  bchnoloqy bearing l i t t l e  
or no d i r ec t  relationship t o  the problem's technological discipl ine b u t  which 
can be applied t o  the problem, will  be located. 
d i  f f i  cul t to  accompl ish. 

The normal aerospace-ori ented search strategies di d not work 
An Applications Team i s  seldom able t o  

This is often exceedingly 

During th i s  p a s t  year emphasis was placed on developing improved search 
s t ra teg ies  u s i n g  methods developed under a special stuQ. 
involves repe t i t ive  or paral le l  searching. 
appl i cakl e documents and the keywords or descri ptors appended t o  those 
docurnents. These keywords are  then used t o  develop a fmused search 
s t ra tegy t o  locate those documents in the aerospace data bank as well as a l l  
other pertinent documents indexed under those terms. 
be applied by the RDCs and i s  par t icular ly  e f fec t ive  wlm used in conjunction 
with the NASA Remote Console (RECOEI)  information retrieval system. 
placed on developing highly effect ive search s t ra teg ies  will be continued 
as an integral  p a r t  of the Program's operational philosmphy. 

In essence, t h i s  
F i r s t ,  one locates one or more 

lhis  methodology can 

The emphasis 

PEOPLE FACTORS - If'ITERPERSONAL COllirlUNICATIONS _I 

Earl i e r s  the importance of developing di r ec t  i ntemhange between the 
Team personnel, the NASA Field Center s c i e n t i s t s  and en-giineers, and the 
Problem Originators was pointed o u t .  This i s  one facet  o f  the people involve- 
ment in the technology t ransfer  Program and may be termed the "people factor ."  
I t  has been recognized by the Program as we1 1 as by no-kd communi cations 
researchers t h a t  the d i rec t  interaction o f  people f ac i l i t a t e s  the interchange 
of technical information and provtdes an in-depth tect~rrmlogi cal understanding 
o f  the problems. T h i s  communi cations route i s  necessary, parti  cul ar ly  when 
the exis t ing ins t i tu t iona l  or administrative mechanisms are cumbersome or 
inadequate, Continuing emphasis will  be place on the "ip-eople factor ' '  t o  help 
shorten the time between problem recognition and problers solution and also 
t o  provide the level of technological understanding nemsary  for  e f fec t i  ve 
implementation. 

CONCLUSION 

There i s  a growing tendency for  the public t o  look toward application of 

This 

exis t ing technology as a means of  helping solve problem. There appears t o  
be an increasing awareness of the f ac t  t h a t  technology, and aerospace tech- 
nology i n  par t icu lar ,  has a major role t o  play in meetiiag public needs. 
represents a challenge which i s  d i rec t ly  related t o  the process of rational 
technology selection and application in which' the NASA h'pplications Teams 
are  involved. Dur ing  the forthcoming months continuing emphasis will  be 
placed on both experimental and operational facets  of "Itre Program in order 
t o  study the technology t ransfer  process and  to  faci 1itBte the accomplishment 
of t ransfers  and documentati on of t h e i r  impact. 
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APPENDIX A: ACTIONS TAKEN FOR PROGRAM IMPROVEMENT 

B I OM E D  I CAL AP P L I CAT I o NS T EAH s ( BAT EAM 

The Biomedical Applications Team Program i s  an experiment t o  develop 
and t e s t  techniques for  transferring aerospace technology t o  the biomedical 
sector .  The purposes of the Program are t o  identify aerospace technology 
which provide 
fo r  more widespread usage. 
i n  order t o  learn how to  best d i r ec t  t he i r  efforts.Their resu l t s  now verify 
the fipplication Team concept as an instrument f o r  technology t ransfer .  

solutions t o  biomedical problems and t o  document such t ransfers  
The teams have been improving the i r  methods 

USER l'lOTIVATION AND PROBLEM ACCEPTANCE 

The success o f  the BATeam a t  RTI i s  an example o f  an effect ive t ransfer  
agent. 
competence, t he i r  a b i l i t y  t o  establish good interpersonal communication, 
the types and quali ty of problems accepted and the problem solving methods 
used. 

The team's success i s  due to  the team members' broad technical 

When the RTI EATeam receives a request for  assistance,  several team 
members vi s i t  the ins t i tu t ion  t o  expl a i  n the team's mi ssjon function arid 
type of assistance which the team i s  capable of providing. The recipient  
i ns t i  t u t i  on ' s responsi bil i t i  es a re  a1 so expl ai ned. Speci f 'a c problems re- 
quiring fur ther  team e f f o r t  are ident i f ied ,  defined and ultiiiiate'ly accepted 
t h r o u g h  a process of personal interaction between a team member and individual 
researchers and cl i ni ci ans wi thin the in s t i t u t ion .  The team member's abi 1 i ty 
t o  provide ready information on sui table  commercial equipment and the 
l a t e s t  techniques builds user confidence and enhances the team's image. 

Many d i f f i c u l t i e s  are encountered in working with program participants.  
Personal interaction i s  essential  in motivating members of the medical 
community t o  u t i l i ze  the procrram. 
experts in a particular f i e l d ,  are often understandably r e s i s t an t  t o  ?res: 
ideas which originated elsewhere. 
an early stage of problem development, work ma.y have progressed beyond the 
stage where an improved technique could be optimally implemented. Had 
assistance been sought a t  an e a r l i e r  stage of problem development con- 
siderable time and e f f o r t  could have been saved. 
enter a number of cases where a researcher may have reservations a b o u t  the 
disclosure of his innovative research e f f o r t  and thus i s  reluctant toward ' 

having i t  described in the program's formalized reports - 
often hamper mutual benefits t o  the team and the i n s t i t u t i o n ,  b u t  these 
barriers are bei ng overcome by ski 11 ed i nterpersonal communi cations . 

Some researchers, conssidering them elv s 
If assistance has not been sought a t  

Proprietary considerations 

Such considerations 

The RII team has developed select ive problem acceptance c r i t e r i a ,  rather 
t h a n  attempting t o  deal with nuiiierous problems. 
o f  problems under consideration i t  can focus e f f o r t  onto  developing a pa r t -  
icular  solution, 
major problems for  the purposes of winning user confidence and o f  gaining 
favorable consideration f o r  inore s ignif icant  problenis. 
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Although the two other teamsg SwRI and MRI, have emountered obstacles,  

A1 t hough  they have demonstrated 

they have been productive. Their d i f f i c u l t i e s  stem from the isolated,  
unrelated, and fragmented nature of the problems which they acceptg and the 
methods with which they attack the problem. 
an a b i l i t y  f o r  solving well defined hardware problems, they have n o t ,  w i t h  
rare  exception, fa i red well with broader system problems. They are  caught 
u p  on a cycl ic  numbers game which s t a r t s  with each team accepting 10 t o  20 
new problems each m o n t h .  This imposes a considerable s t r a i n  on the team, 
as 3 or 4 people must s o l i c i t  and define 10-20 problems per m o n t h  from as 
many d i f fe ren t  problem originators ,  famil iar ize  or  update the i r  knowledge 
of the s t a t e  of the art in many narrowly defined areass  knowledgeably s t ructure  
and evaluate a l ike  number of computer l i t e r a t u r e  searches,  and continue 
t o  service a11 those problem originators krhose problems originated a t  an 
e a r l i e r  time. They often accept minor variations of problems which they 
have already solved as new problems, in f la t ing  the numbea-s and placing an 
additional s t r a in  on team resources. 
a problem often receives less  t h a n  thorough consideration and commercial 
equipment which might prove sui table  i s  often overlooked. Rather t h a n  
attacking large systems problems t h a t  are  potentially time consuming and 
have l o n g  t ransfer  time lag ,  these teams have sought and accepted many 
smaller problems for  which piecemeal solutions are rapidly,  and easi ly  
implemented. These teams must s t r e s s  qual i ty  (problem significance within 
medical communi ty )  rather t h a n  quanti ty of problems .) 

The e f f ec t  of these policies i s  t h a t  

In  October the teams recogRized tha t  t he i r  backlog of active problems 
had grown beyond the i r  a b i l i t y  t o  cope with them. A t  bUO's insistence,  they 
inactivated a large number o f  problems t o  reduce t h e i r  backlog t o  a manage- 
able level .  
or suddenly demonstrated an improved efficiency i n deal iiltg with the problems 
a t  hand.  
an impossible backlog. 

They have n o t ,  however, implemented s t r ic te i r  acceptance c r i t e r i a ,  

I t  therefore seems l ike ly  t h a t  they will  recycle and again build 

Both MRI and SwRb have considerable engineering ta1:ent available to  
them and  they are beginning t o  apply i t  t o  a larger percentage of t he i r  
newly acquired problems. 
new problem acquisition every m o n t h ,  i t  krould seem advisable for  these 
teams t o  teniporari l y  moderate t h e i r  r a t e  of problem acceptance. 
problems have n o t  progressed beyond the 
a few hours of engineering time. 
sophisticated elegent solutions. Were the teams t o  proipose solutions 
t o  some of these problems, they could produce some grateful problem origin- 
a tors  and make an interest ing contribution t o  var ious  re>search or c l inical  
efforts.  By direct ing the teams' engineering a b i l i t i e s  towards reducing 
the backlog rather t h a n  acquiring new problems during the next few months , 
the teams might  benefft greatly f r o m  increased user confidence and requests 
for assistance on larger scale problems. 

Rather t h a n  expend the large e f f o r t  directed t o  

Many 
' ac t ive '  c lass iFicat ion f o r  want  of 

Many of these problems do n o t  require 

LITERATURE SEARCHES 

When a team and an investigator have formulated a mutually sat isfactory 
def ini t ion and understanding of a problem, the BATeam performs a search of 
NASA's contputerized d a t a  banks a t  one of six Regional Dissemination Centers 
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(RDCs) e Effective use of the computerized information retr ieval  system 
presently en ta i l s  many d i f f icu l  t i e s .  
topics run a t  different  RDC's frequently produce search resu l t s  t h a t  are  
quite d i f fe ren t .  
oriented vocabulary. 
"information retr ieval  expert ," and seldom by the a u t h o r  of the a r t i c l e .  
A user wishing t o  re t r ieve an a r t i c l e  from the data bank must h i t  upon 
the proper combination of wordss t h a t  i s ,  a par t ia l  s e t  of the combination 
o f  index words. 
are n o t  keyed i n t o  the index words. Even words i n  the t i t l e  frequently do 
n o t  appear i n  the index words. There i s  a lag of from 2 months t o  2 years 
before a published a r t i c l e  i s  incorporated into the data bank .  
member must be capable of considerable ingenuity t o  coax the desired 
information from the system: unless he searches a l l  the possible terms 
and t he i r  synonyms which m i g h t  r e l a t e  t o  the topic ,  the computer search 
e f f o r t  can be disappointingly unproductive. All of these d i f f i c u l t i e s  
seriously detract  from the u t i l i t y  of the system. A major e f f o r t  i s  in 
progress t o  provide a remedy t o  the problems of searching the data bank 
f o r  sol ut i  ons. 

For instance,  searches on identical  

The a r t i c l e s  are indexed by ten words from an aerospace- 
The indexing words are frequently chosen by an 

Often, concepts discussed i n ,  or relevant t o ,  the a r t i c l e ,  

The team 

A search technique tha t  shows promise, and apparently warrants fur ther  
e f f o r t  toward development, i s  based on an  i n i t i a l  manual search of current 
indices for  f ive  t o  s ix  appropriate a r t i c l e s .  The index words used t o  
describe the a r t i c l e s  are  then used as index words t o  perform a more de- 
ta i led  computerized search. Also, the RDCs are investigating improved 
search s t ra teg ies  and techniques. The RECON system will also f a c i l i t a t e  
improved search e f for t s .  
related search terms often presents a real  challenge. As teams become 
more adept a t  obtaining bet ter  search terms, qual i ty  and relevance of the 
searches improve. 

The need t o  t rans la te  medical needs into aerospace- 

PROBLEM STAT EM ENT 

The teams often send Problem Statements t o  the various NASA f i e l d  
centers i n  hopes of g a i n i n g  additional informat ion  n o t  provided by the 
computer 1 i terature  search. Many researchers wi thi  n the f i e ld  centers 
possess unique technical ab i l i  t i e s  and knowledge and t h u s  often can provide 
valuable suggestions and information. To gain the cooperation of these 
researchers, the problem statements must challenge and rrmtivate them t o  
respond. T h u s ,  the prohlcm statement must explain the problem in non- 
disciplinary language, indicate what i s  needed and what a's n o t  needed, the 
techniques already used and found unsuitable; the value t h a t  a sui table  
solution might provide fo r  health problems and ident i fy  references for  
additional backgyound information. 

well defined Problem Statements. These Statements are based on the Clingman 
Guide1 i ties f o r  Problem Statement Preparation and undergo several reviews 
prior t o  dis t r ibut ion.  As a matter o f  f a c t ,  improved problem defini t ions 
and greater knowledge of f i e l d  center personnel and areas of expertise 
often permit the teams t o  bypass use of a formal Problem Statement and go 
d i rec t ly  t o  appropriate NASA personnel. 

All teams have exhibited an improved capabili ty f o r  the preparation of 
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POTENTIAL TRANSFERS AND APPLICATIONS ENGINEERING 

lhe  use of many resources has enabled the teams t o  propose many potentially 
valuable solutions. Howevers the goal of the program i s  t o  e f f ec t  t ransfers ,  
not merely t o  propose potential solutions.  Potential t ransfers  i tems 
usually require modification or applications engineering f o r  new adaptations, 
and funds for these e f fo r t s  are frequently n o t  readily avai lable .  
funding i s  n o t  necessarily the resource always needed. 
in the biomedical area seldom have access t o  engineers QY technicians 
capable of implementing the proposed solutions.  This creates a t ransfer  
time gap, which may be as large as several years,  between the proposal 
of an appropriate technique and i t s  actual u t i l i za t ion .  I t  i s  important 
t o  reducg th i s  time g a p  since many problems are  "time perishable." I t  has 
been observed t h a t  problems which were selected i n  ant ic ipat ion of a short 
time g a p  prior t o  implementation of transferred technology have tended t o  
have less  biomedical impact. 
have attempted t o  t r e a t  b o t h  short-term problems and long-term, high impact 
problems. 
o f  Virginia and  within the t e a m  have attempted to  shorten the time gap f o r  
implementation of high impact t ransfers .  

Yet 
Problem originators 

T h u s ,  i n  order t o  achieve a tradeoff the teams 

The NASA funded applications engineering e f fo r t s  a t  the University 

TRANSFER DOCUMENTATION 

All o f  the teams have attempted t o  provide more extensive documentation 
of technology transfers and  potential t ransfers .  
may be found in recent SwRI documentation e f fo r t s .  
t h i s  area wil l  be provided by NASA and GWU. 
absolute necessity f o r  the effect ive diffusion of knowledge within the 
biomedical and instrumentation communities. 

A good example of t h i s  
Contiiwed emphasis on 

Suck documentatian i s  an 

c ON c LU s I ON 

The Biomedical Applications Team Program has succeeded i n  establishing 
systematic mechanisms t o  ensure a continuing and viable e f f o r t  f o r  the 
appf ication of aerospace technology t o  a wide range o f  bismedical problems. 
The teams have established effect ive personal communicatisons with a large 
number of medical researchers and i n s t i t u t ions ,  thus providing many 
members o f  the medical community with a capable source o f  new advanced 
technology. 

To be t te r  u t i l i z e  the teams' limited resources, i t  lis recommended 
t h a t  they focus the i r  e f fo r t s  on the acceptance of more generic problems. 
A generic problem i s  a major biomedical problem area composed of many 
related technological sub-problems. I t  i s  a t  the sub-prciblem level t h a t  
techno1 ogy t ransfers  are effect ively completed. Focus om generic problems 
and resul tant  t ransfers  a t  the sub-problem level will  lead to  eventual 
solution o f  the high impact generic problem. 
phasized as the major means of maximizing the total  biomedical impact o f  
the Biomedical Applications Team Program. 

This generiic focus i s  em- 
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Appl i cations engineering i s  a necessary par t  o f  the Biomedi cal 
Applications Team Program i n  cases where the Problem Originator lacks the 
capabi 1 i t i e s  or faci  1 i t i e s  t o  reengineer technology which is  a potential 
solution t o  his  problem. While applications engineering e f fo r t s  should 
n o t  become the major thrust  of the Program, additional emphasis should be 
placed on implementing identified solutions w i t h  considerable potential 
impact in the medical communities. To shorten the time delay fo r  imple- 
mentation o f  high impact t ransfers ,  the teams should a v a i l  themselves of 
the prototype fabrication f a c i l i t i e s  available within the Research 
Ins t i tu tes  and the University o f  Virginia. 

- 98- 



APPENDIX R .  ACTIONS TAKEN FOR PROGRAM IMPROVEMENT: 
- VUBblC SECTOR APPLICATIONS 1 EAMS 

The reader must understand several important factors  which w i  11 
influence interpretation of this sec t ion ' s  content. First the TATeam 
program i s  not en t i re ly  an operational o r  inst i tut ional ized endeavor. 
J t ' i s  an ex?erimental program aimed a t  developing knowledge about public 
sector  technology t ransfer  so tha t  a useful operational program can evolve. 
Second, i n  the TATeam Program the various teams operate i n  a number of 
d i f fe ren t  public sectors ,  each having d i f fe ren t  requirements and charac- 
t e r i  s t i  cs . 
differ ing conditions in resgect to  the i r  f a c i l i t i e s ,  f u n d i n g ,  a b i l i t y  to  
adapt potential problem solutions and procedural methodology fo r  par t -  
ic ipat ing i n  the Program. 

I_ PROGRAM ACCEPTANCE 

In addi t i  on, these various pub1 i c sectors operate under 

The program marketing packages prepared by each team together w i t h  team 
promotional e f for t s  have produced a high degree of acceptance by the p o t -  
ent ia l  users of NASA technology. 
than expected since i t  i s  frequently t rue tha t  new programs, par t icular ly  
those which of fer  something f o r  nothing, meet resistance from potential 
cl i ents.  

The degree o f  acceptance has been higher 

However, in many cases the marketing e f fo r t s  lead to  problems f a l l i ng  
One i s  a need f o r  an instrument, o r  "black 
The other requires information i n  the form of 

Instrumentation i n  i t s e l f  i s  not bad as long 

i n t o  one o f  two categories. 
box," to  solve the problem. 
"Mhat i s  the s t a t e  o f  the a r t . "  Neither type o f  problem i s  undesirable. 
What could be undesirable i s  for  a number of these two types o f  problems 
to  over-balance the program. 
as the instrumentation problems solved contribute to  solv-ing the overal l ,  
o r  genericg problem. Attempting t o  solve a number o f  small unrelated 
instrumentation problems can lead to  dissipation of e f f o r t .  Fortunately, 
the TATearns have begun t o  recognize this  feature  of the program and are 
taking steps t o  avoid such a p i t f a l l .  

P_RO!3L!31v DEFINITION AND ACCEPTANCE 

General I( Determination of whether o r  not t o  accept a problem 
continues to  require judicious decisions by the TATeams. A t  times, i t  
appears necessary t o  accept an offered problem even though i t  may not 
measure u p  t o  the problem acceptance c r i t e r i a  i n  a l l  aspects. 
few instances the problem i s  accepted to  continue to  have a rapport with 
the problem originator  o r  h i s  agency. In order t o  es tabl ish firm grounds 
f o r  problem acceptance T U D ,  a t  the June BAT/TAT Conference, decreed 
tha t  there was one question tha t  should be sa t i s f ac to r i ly  answered by the 
probl em ori  g i  nator before a probl em was accepted e T h i  s question i s  : 

In these 

"What would o r  could the problem o r i g i n a t o r  do with the potential 
o r  actual solution once i t  i s  made available t o  him?" 
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Although acceptance c r i t e r i a  will vary from team t o  team i t  was f e l t  t h a t  
t h i s  one c r i te r ion  must be common t o  a l l  e The c r i t e r i a  used by the TATeams 
are given i n  Table 4. Another aspect o f  the problem acceptance area i s  the 
generic versus the sub-problem. 
the h igh  impact generic problem area and then eoncentrate on the major sub-  
problems. 
a generic impact will  r e s u l t ,  
remark tha t  'I e e . in  some cases one can obtain a large econernic benefit  by 
combining the solutions f o r  discrete  problems i n t o  a la rger  system capable of 
impacting on what  some have referred t o  as a .generic problem." 

I t  would be most desirable t o  determine 

Technology t ransfers  may occur a t  the sub-problem level b u t  ultimately 
Recognition of t h i s  view i s  typified by IITRI's 

A fur ther  indication that  t h i s  view i s  prevalent is the statement by ABT 
i n  t he i s  Quarterly Report KO. 3 t h a t  ".. . a  number of small impacts i n  the same 
generic area,  
urban  problems," A par t ia l  r e su l t  of the recognition o f  this aspect of 
technology t ransfer  i s  the recent ABT decis-ion t o  concentrate t h e i r  e f fo r t s  on 
the generic area of l i f e  safety i n  urban housing. 

can, together, contribute s ign i f icant ly  t o  t h e  solution of key 

The ABT Methodology. The ABT TATeam i n i t i a l l y  developed a philosophy 
for oroblem acceetance tha t  differed t o  some deqree from t h a t  used b.y other teams. 
Spec\fically,  ABT attempted t o  match, a t  a broad leve l ,  urban problem areas w i t h  
technology areas and market areas. 
a technology, and soineone t o  adapt and implement the teeeihnology. 
ingredients necessary f o r  a technology t ransfer .  

j o i n t  e f f o r t  with Texas A & M University known as the TA24U Project,  
approach was a method of u rban  problem i denti f.i ca t i  on devi sed and tested by 
Texas A & M students with the cooperation of the c i ty  o f  Dallas, Texas. 
method consisted of four phases: 

The r e su l t  was t o  & p i n g  together a problem, 
These are the 

Another, and  d i f fe ren t ,  approach developed by 'the ABT TATeam was the i r  
This 

The 

a ,  The f i r s t  phase involved personal conversations w i t h  major c i ty  
o f f i c i a l s  in a responsible and knowledgeable posit ion,  
conversations served t o  identify the major problem areas confronti ng 
the c i ty  and the personnel who would play a b i g  ro le  in impleiiienting 
any sol u t i  on. 

These 

b ,  The second phase required interviews w i t h  the people ("actors")  
ident i f ied in  the f i r s t  phase. 
the probl em and determi ne what constraints were work n g .  

The purpose w8.s to fur ther  identify 

c. A " t ree"  s t ructure  was next developed t o  indicate  the relationships 
between the various actors i n  the problem solving methodology or 
h i  erarchi cal s t ructure  of the c i ty  . 

d o  F i  na l  ly more i ntervi ews w i  t h  the personnel sel ected general ly  a t  
1 ower 1 eve1 s i n the hi erarchi cal s t ruc ture  a3 havi ng detai 1 ed 
knowledge of the problem areas, 
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Each of the above steps were documented and inclutkd i n  the ABT 
Monthly Report fo r  May. 
f e l l  in to  two categories typified by the specifications of the desired 
solution. One required a technological device as a sollwtion. The other required 
more research and devel opment ac t iv i ty  . 

The TAMU team f o u n d  t h a t  the pmblem areas selected 

As a r e su l t  of this program, four problems were selected f o r  fur ther  work. 
Two of these problems were accepted by the IITRI Water Pollution TATeam f o r  
investigation. These two problems are  currently active.. The  other two 
problems are  i n  the sol id  waste management f i e l d .  

I t  would appear t ha t  the general philosophy o f  operation of the TAMU 
project i s  l i t t l e  d i f fe ren t  from t h a t  followed by any other TATeam. 
i t  was d i f fe ren t  i n  one important respect. 
mode allowing them t o  become familiar w i t h  the c i ty  problems i n  a s i tuat ion 
where they, the students,  m i g h t  have an impact. 
as a vehicle for acquainting the students w i t h  NASA technology. 

However, 
Students were used i n  the operational 

This experience also served 

An innovative feature recently adopted by the ABT TATeam is the i r  use 
of a group of consultants t o  provide the technical expertise i n  specifying 
a1 ternative technologies for  construction industry probrenis and evaluation o f  
NASA technologies which are potentially applicable t o  a problem. 
consul ta.nts are  members of the Massachusetts Ins t i  tu te  .sf Techno1 ogy (MIT) 
Urban Systems Laboratory e This inethociol ogy w i  11 be useful i n  specifyi ng those 
problems t h a t  are amenable t o  solution by application o f  NASA technology and 
has the potenti a i  of concentrating e f f o r t  on generic areas 
will  also benefit  from t h i s  procedure. 
def ini t ion i s  an i t e r a t ive  process i n  t h a t  endeavors t o  Iocate a solution t o  
the original problem often lead t o  redef ini t ion of t h a t  problem or t o  defining 
a new problem. The MIT consultants should be of considerable assistance i n  
th i s  ac t iv i ty .  

These 

Problem defini t ion 
The ABY TATearn has noted t h a t  problem 

The Solution then the Problem. The SRI TATeam has been experimenting 
wi t h  a "techno1 ogy push" t ransfer  methodol ogy t h a t  f i r s t  1 ocates a potenti a1 
solution t o  a problem then attempts t o  locate an agency w i t h  t ha t  problem or one 
similar.  
work any be t te r  t n a n  any other methodology although i t  was i n i t i a l l y  used early 
i n  the BATeam Program. 
Goddard Space Flight Center suggested to  SRI tha t  f i be r  optics could be adapted 
t o  a new and be t te r  rear view device f o r  automobiles. 
fur ther  developed and presented to  the National Highway Transportation Safety 
Board who indicated some in t e re s t ,  
a t  some future  time. Another example i s  a metal detecting system developed 
by the Ames Research Center. 
of detecting weapons on persons entering a i r c r a f t  or res t r ic ted  areas. A 
prel imi nary t e s t  arranged for off i  cia1 s of San Mateo County i n  Cali forni a 
generateci fur ther  i n t e re s t .  
the County Courthouse, 

So f a r ,  there i s  no documentary evidence tha t  t h i s  methodology will 

As an example o f  t h i s  approach, personnel of the 

The suggestion was 

A prototype i s  planned for demonstration 

The system i s  d i rec t ly  applicable t o  the problem 

A several month in-use t e s t  i s  being arranged fo r  
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TABLE 4 

1. 

2 .  

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

PROBLEM ACCEPTATICE CRITERIA ESTABLISHED 
B Y E A C H % % I  

-- 
- 

CRITERIA 

Does the problem need technology or  is  i t  one which could be resolved 
by manageincnt? 

Does the problem originator consider i t s  solution important or  i s  i t  i n  
the "nice t o  have" category? 

Is  the prob'letn o f  national or  regional importance o r  i s  i t  merely of 
local concern to  the problem or ig ina tor?  

Is a solution to  the problem within the bounds of current technology, or  
must i t  await a major advance? Probably of relevant NASA technology? 

Does the problem ca l l  fo r  the application o f  new technology or i s  i t  
j u s t  a question o f  a re-design of existing equipment? 

I f  aerospace technology y i e lds  a so lu t ion ,  will  i t  necess i ta te  a major 
change in  Lhe user ' s  rcethods o f  operation which he is  unlikely to  accept? 

Can the problem be solved by the application of d i sc re t e  technology or 
does i t  ca l l  f o r  considerable research of a systems nature? 

Does i t  appear t h a t  a so lu t ion  is  feas ib le  using the TATeam methodology 
o r  does the problem suggest t ha t  i t  could be answered by a l i t e r a t u r e  
search - bes t  performed by the RDCs? 

No solution i s  available on the  commercial market (implied i n  5 above) 

TEAM USING CRITERIA 
RTI IITRI SRI* ABT - - - -  

X 

X 

X 

X X 

X 

X 

X X 

X X 

X 

10. Appear relevant t o  aerospace technology (implied i n  4 above) X X 

11. 

12. Spec i f ic i ty  of the problem. 

13. 

Market potential  - wovld a solved problem have a l a rge r  than average, 
above average, average, below average, or poor market? 

Market f e a s i b i l i t y  - ava i l ab i l i t y  of a market instrument OF i n s t i t u t i o n  
capable o f  marketing the innovation. 

In the ABT experiment, the product o f  4 ,  1 1 ,  12, and 13. 14. 

X 

X 

X 

X 

X 

X 

*SRI has not  s ta ted  the i r  c r i t e r i a .  

The f a c t  t h a t  one team does o r  does not use any one or a l l  of the above c r i t e r i a  can n o t  be c i ted  as 
good o r  bad. 
being in the program a team uses these c r i t e r i a  a l t h o u g h  they have not I i s ted  them. 

I t  goes without saying t h a t  some of these c r i t e r i a  a re  iniplicit  i n  the program. By 

I 
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Prompting a Problem. The IITRI TATeam has developed an interest ing 
concept f o r  use in contacting former Problem Originators when i n  the market 
fo r  new problems. 
former Problem O r i g i n a t o r  was unable t o  develop new problems once a potential 
solution had been offered t o  his original problem. IITRI believes t h a t  
thorough knowledge of an  organization and t h e i r  major problem areas can be 
lased t o  prompt  the Problem Originator i n to  recognizing and defining additional 
problems. In some p u b 1  i c sector problem areas,  know1 edge of technological 
potential may be required t o  make a Problem Originator aware t h a t  he can 
improve on his present techniques. 

I n  t h e i r  experience, they have found tha t  often the 

DATA BANK SEARCHING 

Two signif icant  events occurred duri ng  the reporting period t o  ref1 ec t  
improvements i n  the data bank search methodology. 
the increased ava i lab i l i ty  t o  the teams o f  the NASA Sc ien t i f i c  and Technical 
Information Faci l i ty  (STIF). While there i s  no evidence as ye t  t ha t  the 
resulting 1 i terature  searches are superi or t o  those performed by the Regional 
Dissemination Centers ( R D C ) ,  there i s  a f a s t e r  turn around time a t  STIF.  
This, together w i t h  the extremely personal i zed service currently provided 
enable the teams t o  secure individual attention f o r  t h e i r  problem. 

The f i r s t  of these was 

The second event was the study of l i t e r a t u r e  search methods by Dr. W.H.  
Clingman. The princ-ipal purpose of the study was t o  invest igate ,  impartially, 
the techniques and s t ra teg ies  used by the RDCls. A reason f o r  t h i s  was team 
complaints over search resul ts  and the obvious variations i n  searches by 
d i f fe ren t  RDC's. A par t ia l  reason for  these variations i s  t h a t  the RDC's 
attempt t o  provide thei r i ndustri a1 c l i en t s  wi t h  a technology match di rect ly  
related t o  the need whereas the TATeanis need technology t h a t  may be only 
remotely related t o  the need or may not have any relationship.  For example, 
the indented writing detector descri bed earl i e r  was i ni t i a l  l y  devel oped for  
NASA t o  detect  imperfections in f lared tubing.. I n  t ha t  mode i t  had no 
one-to-one relationship t o  the law enforcement requirement. 
technology in the data bank i s  t h u s  d i f f i c u l t ,  par t icular ly  so since the 
indexing system used relates  the stored technology primarily t o  aerospace 
applications e I ITRI has commented t h a t  only one potenti a1 t ransfer  ( o u t  
of e ight)  resulted from an RDC l i t e r a t u r e  search. 

Searching f o r  

Several a1 ternat i  ve methods were suggested f o r  improvi ng the qual i ty 
o f  the searches. These were: 

a .  Use of available documents from manual searches to  obtain 
more and be t te r  descriptors.  

b.  Use of three separate paral le l  or sequential searches from 
one o r  more R D C ' s  ( three individuals each devising strategy 
and combine duplicates).  

c. Use o f  increased number of synonyms t o  obtain generic type 
searches - 

NASA CENTER RESPONSE 70 PROBLEM STATEMENTS 

I n  May SRI developed a philosophy concerning relat ions with the NASA Field 
Centers i n  respect t o  the circulated problem statements. SRI said th i s  was the one 
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area over which they had l i t t l e  control. 
individual f i e l d  center s c i e n t i s t  must be inspired,  a f t e r  reading the problem 
statement, t o  do something about i t .  
does have some control here. The problem statement must be so constructed 
t h a t  the s c i e n t i s t  will feel  a compulsion t o  reply. I t  i s  obvious from the 
resu l t s  t ha t  we have n o t  y e t  developed the ultimate i n  problem statements. 

The reason for this i s  t ha t  the 

I t  appears t o  BSCP/GWU t h a t  the TATeam 

A valid p o i n t  i s  t ha t  the f i e l d  center s c i e n t i s t ' s  loyal t ies  l i e  w i t h  
the center. He works for  the center and the TAT program i s  j u s t  an additional 
e f f o r t  t o  be looked a t  i f  time permitss. 
by an i n i  t i  a l  tremendous flood of TATeam problem statements. Again, obviously 
some new means of g a i n i n g  access t o  the s c i e n t i s t  and the technology needs t o  
be developed. Several means have been t r ied .  One of the more successful 
and one which has been tried by a l l  TATeanis t o  some extent,  has been to  locate 
specif ic  NASA s c i en t i s t s  and engineers w i t h  backgrounds or work experience 
d i rec t ly  relateti t o  a problem and then obtain TU0 permission fo r  d i rec t  
dealings with this person. 
statement and t o  develop a personal relationship.  T h i s  would appear t o  be 
a prerequisite for  an effect ive interchange leading t o  a potential solution to  
a problem. One example o f  t h i s  type o f  relationship i s  t h a t  of the ABT TATeam 
and Dr. John Parker o f  ARC. 
paints and f i r e  retardant foams has been outstanding. 

This l a t t e r  thotight was complicated 

The object here i s  to  eliminate the writ ten problem 

Their information interchange on intumescent 

A major complaint with f i e l d  center responses' is  the lack of spec i f ic i ty  
of the response. 
cases, understands what i s  desired of him. 
understanding of the TAT program, w h a t  5 - t  seeks t o  accomplish, how detailed 
and how specif ic  the answer should be, how t o  communicate with the TATeam 
(although t h i s  i s  always contained on the statement), and the form o r  format 
o f  the reply. 

I n  addition, i t  i s  questionable tha t  the respondee, i n  many 
By th i s  i s  meant a lack of 

Table 5 indicates the number o f  responses by Field Center since March 1970. 

TATLE 5 

NASA CENTER RESPONSE TO TAT P9OBLEi.I STATEMENTS 

CUEXLATI V E  S 1 PICE PROS Rl'4, START 

TRROUG'I OCTOlER 1970 

NASA F I E L D  CENTER 

ARC FRC K5C LARC LERC MSC JPL OTHER TOTAL - -  TEAY AND ACTIV ITY 

R T I  : A I R  POLLUTION 

TOTAL 
: MARINE SCIENCE 

0 27* 101 3 1 0 1 5  13 34 0 17 
0 0 0 1 L A  4_s_- .Q.  
3 1 0 1 b  13 34 0 17 0 27* 101 
- - ~  

16 0 2  I I T R I  : LAW ESFORCEKENT 0 0  1 0 2  5 3 0 3 
MINE SAFETY 
WATER POLLUTION 
TOTAL 

2 3 0  11 8 1 3 1 0  37 

T o  3 3 3 . 2 1  14 1 6 1 2  63 
1 - ~ - - A L L O ~ - - J . - ~  0 0 .  0 1  
8 

SRI : A I R  PCLLUTION 0 0 3 0 13 4 8 0 1 0 9  38 - .  . 

CRIX I'14L I S T I  CS 
TRANSPORTAT I ON 
TOTAL 

9 0 n 0. 1 4 5 0 0 1 9  23 
2o_en- ;L . - ;LLL-e_es -a  
11 0 7 0 17 11 15 0 1 1 27 90 

ABT : URBAN DEVELOPMENT 0 0 3 0 1  5 0 0 0 0 0  9 

TOTAL 23 1 - 1 3  4 26 50 63 . 1 24 2 56 263 
- - 

"NOT REPORTED 
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TRANSFER METHODOLOGY 

A si gni f i cant feature of the Appl i ca t i  ons Program was the “Techno1 ogy 
Implementation Model” developed by the ABT TATeam. 
phi 1 osophy for applying techno1 ogy and consists of three phases as f o l  lows : 

The world represents a 

a. The f eas ib i l i t y  phase. 
t o  implement the proposed solution. 

The transferee decides whether i t  i s  feasible  

b. The research and development phase. 
the transferee performs the research and development required for 
imp1 ernentati on. 

Having passed through phase ones 

c.  The production and marketing phase, The technology has entered 
production and marketi ng following successful research and development 

This model has been programmed and successfully t e s t  r u n .  The ultimate 
objective of this model i s  t o  provide the team with a means of estimating the 
ca.pab-i 1 i ty of the potential transferee to  implement the proposed technology. 
The model i s  based on a number of complex b u t  general assumptions and on the 
Industrial Dynamics models of Dr. Forrester of MIT. 

A feature of the developing t ransfer  methodology which we view as important 
i s  typified by ABT’s recent decision t o  concentrate on attempts t o  t ransfer  
hardware versus software. ABT arrived a t  the conclusion t h a t  software transfers 
were too  complex and requi red considerable re-engi neeri ng or re-p’rogrammi ng . 
This l a t t e r  is  a feature for which the TATeam program has l i t t l e  means of 
devoting e f f o r t  to .  Even more important i s  the ABT decision t o  concentrate 
on generic problem so lv ing .  This i s  a methodology tha t  BSCP/GldU has been 
advocating for a number 0.f months. In par t icu lar ,  ABT has decided to  no longer 
t r y  t o  solve a number of small unrelated problems b u t  t o  concentrate on major 
areas so t h a t  solution t o  sub-problems will  contribute t o  solution of the major 
problem area. The specif ic  area of P,BT concentration will  be l i f e  safety i n  
urban housing.  An early observation o f  the ABT TATeam was t h a t  there were a 
number o f  barriers t o  t ransfer  of technology t o  the pr ivate  sector  construction 
industry. These barriers were basically jur i sd ic t iona l ,  building codes4 and 
u n i o n  practices.  
unless a means could be f o u n d  t o  broach these d i f f i cu l t i e s ,  
could be accomplished was t o  t ransfer  the technology t o  ari ac t iv i ty  which has 
the authority to  dictate  the use of specific technologies. This would permit 
demons t r a t i  on projects by forci  ng contractors t o  t ry  new ideas a 

realization has led the team away from a randoh approach of technology t ransfer  
t o  a number o f  competing firms and has led t o  a policy of working w i t h  a small 
number of  governmental agencies w i t h  the authority t o  apply innovation t o  
construction projects. 

I t  became apparent tha t  successful t ransfers  would be few 
One way th i s  

T h i s  

The ABT TATeam i s  currently working with two such agencies. One, the 
New York State  Urban Development Corporation ( U D C ) ,  i s  neavly autonoiiious. 
UDC can exercise the r i g h t  of eminent domain t o  acquire l and ,  change zoning 
and building codes, and has the f u n d s  and  technical expertise t o  accomplish 
i t s  objectives. 

The 

The other, the federal Department o f  Hous-ing and Urban 
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Development (HUD) , i s  engaged in a large program o f  new construction known 
as "Operation Breakthrough". 
innovative technology. 
decided t h e i r  e f fo r t s  should be concentrated i n  a generic area and this should 
be the f i r e  safety portion o f  the l i f e  safety i n  housing area. 

I-IUD also i s  i n  a pos i t i on  t o  use new and 
I t  was through the association w i t h  HUD t ha t  the team 

Another important aspect o f  the ABT TATeam's association w i t h  UDC and 
HUD i s  t h a t  these two agencies have the potential of accepting a potential 
solution in the form of a concept rather i n  the form of a complete "black box". 
This would mean t h a t  these agencies could accept innovative departures and 
engineer them t o  t he i r  own requirements. 

The a p p l  i cat i  oils engi neeri ng porti on o f  the t ransfer  process has been a 
d i f f i c u l t  area. As noted e a r l i e r ,  the preliminary t ransfers  are i n  a s t a t e  
of applications engineering. 
One i m p o r t a n t  aspect tha t  was learned by the IITRI TATeam was tha t  even though 
the engineering costs might be small a manufacturing firm m i g h t  n o t  be will ing 
t o  invest  t he i r  own funds i n  developing a product when the market f o r  t h a t  
product was n o t  ye t  def-ined. I n  t h i s  case the public agency w i t h  the problem 
had na f u n d s  for engineering a n d ,  although i t  appeared there would be a 
market for  the product, the manufacturer would only proceed i f  outside funds 
were made available. Thus, in  some cases i t  i s  necessary t o  find a source of 
appl i cations engi neeri ng  f uvlds. 
program. 
funds a m i  1 able f a r  one engi neeri ng sol u t i  on and has tentat ively agreed i n 
pri nci pl e t o  parti  ci pate Further i n the program by f u n d i  ng demons t r a t i  on 
projects and specif ic  examples of technology. 

This has been arrived a t  by several means. 

T h i s  has taken several forms i n the TATeam 
Currently the Law Enforcement Assistance Admi ni s t ra t ion  has made 

The Bureau o f  Mi nes has a lso funded several techno1 ogi cal i nnovati 017s e 
In these cases the NASA technology has been demonstrated to  the Bureau of Mines 
and a working model made available for fur ther  t e s t  and evaluation i n  a 
Bureau of Nines Laboratory. 
w i  t h  pri vate contractors for fabrication of a uni t t o  the Bureau's specifications 

The next s tep i s  f o r  the Bureau t o  negotiate 

Another federal agency has taken steps t o  f u n d  an i n n o v a t i o n  b u t  i n  
sti 11 another way. The Federal Water Qual i ty  Admi n i  s t r a t i  on has accepted i n 
principle an  item of NASA technology. 
engineered t o  thei r specif i cat i  ons , FWQA has as ked the NASA contractor w h o  
developed the technology f o r  NASA to  s u b m i t  an unsolicited proposal t o  do so, 

I n  order t o  have t h i s  technology 

P7'JP ! IqT 0.'- c. ,\.Ll-.-- ~ 2 

The introductory remarks indicated t h a t  the TATeam program i s  in the 
experimental stages. This has been emphasized by the preceding discussion. 
While experimental, an operational philosophy i s  evolving slowly. A number 
of common experiences runs t h r o u g h  the experimental approaches being t r i ed  
by each o f  the four teams. Anong these are the following: 

a. Recognition of the importance o f  the generic problem versus a 
piecemeal approach of solving individual small unrelated problems. 
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b. 

c. 

d. 

e .  

f .  

Recognition tha t  problem defini t ion i s  d i f f i c u l t  and may require 
an i t e r a t ive  process to  arr ive a t  ''the" def ini t ion.  

Recogni ti  on o f  the problems involved i n devel opi ng 1 i terature  search 
s t ra teg ies  and how t o  develop a be t te r  strategy. 

Recognition o f  the f a c t  t h a t  f u n d s  fo r  and a capabi l i ty  t o  perform 
appl i cations engi neeri ng are a necessity. These must be avai  1 able 
from the problem originator or an associated agency. 
apparent t h a t  i n  many cases the associated agency will be a federal 
agency with a i n t e re s t  i n  the generic problem area,  fo r  instance,  
the in t e re s t  o f  LEAA in  the l a w  enforcement area. 

T t  seems 

Recognition t h a t  there are legal and personnel problems t o  be 
surmounteds problems which may require redi rec t i sn  o f  team e f fo r t s .  

Recognition of the need for team part ic ipat ion i n  a17 phases of the 
t ransfer  process u p  t o  a f inal ized t ransfer .  

Although the TATeam e f f o r t  has been undergoing a lengthy period of 
experimentation, the overall program has now reached a plateau i n  the learning 
curve such t ha t  a l l  phases of the program are operational 
t rue of the processes o f  problem ident i f ica t ion ,  technology searching and 
evaluation, and transfer strategy formul a t i  on. 
functioning successfully even t h o u g h  experiments 

This i s  par t icular ly  

The operational aspects are  

The successful implemcntati on of operational aspects o f  the program 
has led t o  a number of problems being categorized as preliminary t ransfers  and 
an increasing number o f  problems w i  11 soon reach t h a t  leve'l . 
t ransfers  represent material which.wi71 have a large impact on the various 
public sectors involved i n  t h i s  program. 
appear t h a t  future successful t ransfers  i n  the u r b a n  area will have the 
greatest  v i s i b i l i t y  and probably be considered the most important; to  the 
program's future .  
t ransfer  stands on i t s  own and contributes t o  the f a c t  t h a t  the program 
has reached the point where i t  may be called successful. 
successful programS i t s  potential future  contribution t o  the various public 
sectors i s  immeasurable. 

These preliminary 

lnlhile t rue of e x h  sector ,  i t  would 

Howevers a t  the current stage o f  the proyram, each preliniinary 

And, as a 
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